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l. A Speoial Pair ot Dual Eguations. A solution tor t(t) ot the dual 
integral equations 
~st (t) JP (ut) dt • g(u), o < u < l, 
0 £"" t(t) JP (ut) dt • o, u .:;::.1, 
(1) 
(2) 
has been given in explicit form by Busbridge [1J subject to the restrictions 
that· g(u) be integrable in (o, l) and that 
s > -2, -p -1 < s - 1/2 < p+l. (3) 
In this paper the case will arise where s • -1, p • -1/2 and t'ii g(u) 
is a polynomial in u. Thus the condition (3) is violated and it will now 
be shown that the Busbridge formula will tail unless the coefficients of the 
abovementioned polynomial s•tisty a certain relation. 
It Yii g(u) • un the Busbridge formula, after some simplification, yields 
as a "solution" t(t) • fn(t), where i / 
tn(t) - [va r~n·1112) / r1n12i J t f.xn J 1 (tx) dx. (4) 
0 
By direct substi~ution it is teund that the second of the dual equations 
is satisfied but not the first; in tact, one finds that 
i~-1 fn(t) J.f(ut) dt • u-*(un - Yn/'(n), (5) 
where 
Yn • r(!n+l)/2) /r(<n+2l/a). (6) 
It is now evident from this that the Busbridge formula has tailed to 
provide a solution. In particular, it should be mentioned that the right 
hand member of (5) venishee when n • o. 
[ 321 ] 
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Now take 
VU g(u) + ••• + (7) 
where the e's are constants. 
It tn(t) is still detined by (4), it will now be shown that 
(8) 
is a solution ot the dual equations under consideration; provided there is 
a certain linear relation among the e's, namely, 
(9) 
For, the second ot tbe dual equations clearly remains satistied, and 
the tirst is also satisfied now, since it follows from (5) that 
• g(u). 
2. Statement ot the Problem. Consider a semi-infinite elastic 
medium with a plane boundary. Using rectangular cartesian coordinates (x:,y,z) 
with the origin in the boundary, choose the x-axis so that it is directed 
normally into the medium. In this paper it is assumed that the medium is 
orthotropic, as defined by I. s. Sokolnikotf (2] with the coordinate planes 
as planes ot elastic symmetry and that, in addition, the physical properties 
of the medium are unaltered in description when the y- and z-axis are inter-
changed. 
The main object ot this paper is to determine the stress in the medium 
when the plane boundary is indented by a rigid punch which is in the term 
ot a long cylinaer with generators parallel to the z-axis. All sections 
by planes perpendicular to the z-axis will then be identical in behavior 
so that the problem becomes two-dL'llensio.nal, that is, one ot plane-strain. 
It is, therefore, sufficient to contine attention to the plane z • o and to 
consider the stress at the point (x, y). 
Further, it will be assumed that the punch is well lubricated, that it 
is in contact with the medium over the strip -a < y < a, and that the curve ot 
contact in the (x, y) plane is symmetrical about the x-axis. More precisely, 
the curve ot contact will be assumed to be of the polynomial term 
X • g(y) • ! .AnlYln, 
0 
IYI < a. (10) 
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The method ot solution via dual integral equations tails in the 
apparently simple case where g(y) is a constant. This exceptional case 
is therefore separately considered and the results so obtained are used 
to complete the solution of the more general problem. 
Throughout this paper it will be assumed that the body forces in the 
medium are negligible and that there is no external load apart from that 
due to the punch. Also, the strains are supposed to be small so thet the 
classical theory of elasticity may be used. 
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3. The Potential Function ¢. Plane-strain phenomena in an orthotropic 
medium of the type described ebove have been studied by R. H. Tripp and 
D. L. Holl [3] and this section is a summary ot the tirst part of their 
paper with a slight modification in the notation. 
Four elastic constants Ex• Ey• er;., oy, which may be called generalized 
Young's moduli and Poisson's ratios, are used to specify the elastic 
properties ot such an orthotropic substance. They are connected by one 
relation Ex/Ey • ay/~. and it is convenient to introduce two more elastic 
constants k and K detined by 
(11) 
a 2 2 a 2 
K ( l - <r yl • k ( l - 0- yk ) • (12) 
For the sake ot simplicity EY, oy, will henceforth be written as E, q-, 
respectively without the subscript. 
Under plane-strain conditions, the equilibrium equations and the 
compatibility relations are satisfied it the stress components are derivable 
tram a potential !unction ¢ in accordance with the equations 
,,, • " 'T' 2 2 £.~ • ll ¢/by , V.yy • b ¢/bx , (13) 
where ¢(x,y) satieties the ditterential equation 
• • q + (l + K) 
llx 
• o. (14) 
The displacement components (u, v) are then given by the equations 
. . . ,,, . ,,.. 
E(llu/llx) • k (l- <r k ) vxx - k 4""(1 + O") lryy• 
E(llv/lly) • (l - u'J Z'yy - k2 1T"'(l+ ~) t.;x, (15) 
G [ ?>u/lly + ?>v/llx J • i:Y' 
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where G is a shear modulus defined by the relation 
(15) 
For the isotropic case Ex • EY • E, o; • o;. • <r'and K • k • 1. 
4. The Equivalent Dual Integral Equations. The problem on .hand, as 
stated in Section 2, is equivalent to the task ot solving the ditterential 
equation (14) subject to the boundary conditions 
z;_j ~ 0 " as x • + y ---+ oo, (17) 
['txy 1 x•o • 0 identically in y, (18) 
[u] x•o - g(y)' jyj <a, (19) 
{'Lxx J x•o 
- o, jyj > a . (20) 
The procedure henceforth is mainly tormal, but once a solution is 
obtained it can be verified. The main detect is that the uniqueness ot the 
solution is not assured mathematically, 
Suppose ¢(x, y) is the desired solution and let ¢(x, Pl be its Fourier 
transform relative to y, namely, 
00 
°'¢!x, Pl • j ¢(x, y) eiPYdy• 
-oo 
By making the assumption, suggested by condition (171 that bn¢/byn ~ O 
as jyj ~ 00 , tor n • 1,2,3, it follows that the ditterential equation 
(141 tor ¢(x, yl implies that the Fourier transform ~(x, Pl satisfies the 
ordinary ditterential equation 
[n• - (1 + K8 lP 2 D2 + K2 p•j ¢ • o, 
where D • d/dx and p is regarded as a parameter, 
(211 
In view of the condition (171 one chooses a solution ot (211 ot the 
form 
-jpjx -Ki Pix 
¢(x, Pl • A e + B e 
where A and B depend on p, 
Now trOlll the relation 
' \• 
·,, 
(221 
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it tollows that 
~Y • ifl(d¢/dx), 
where bars over a symbol indicate Fourier transtorms. The inversion ot the 
last equation yields 
'!;.y • (l/2rri) f~lfll (Ae-JflJx + KBe-KJflJxJ e-ifly dfl, (23) 
-oo 
so that condition (18) will be satistied it A + KB • O, 
Therefore, if one chooses~ to be of the form 
- ( -lfllx -Klfllx 
¢(x, fl) • B(fl) K e -e ) , 
then it remains only to determine B(fl) so that the last two boundary 
conditions (19), (20) are also met. From the relation 
(24) 
it tollows, by talcing the Fourier transform ot each side, with respect to 
y, that 
provided 
!fly 
(b¢/by - !fl¢) e 
tends to zero as y tends to ~ 00 , This latter condition will be assumed 
to hold, The inversion theorem applied to the last equation above now 
yields 
~x • -(l/2rr) ~~2B(fl) 
-oo 
[ -Jfllx -KJfllx Ke -e J -!fly e dfl, (25) 
Theretore, the condition (20) will be met if 
1~8B(fl) e-i fl y dfl 
-oo 
• o, JyJ > a, (26) 
In order to meet the remaining boundary condition it is desirable to 
express u in terms of ¢. This is done by first s eeking v. Malcing similar 
assumptions as before on the behavior of ¢ as JyJ tends to intinity, one 
obtains from the second equation (15), after some simplification 
-lfllx -Klfllx 
E v(x, fl) • lflB(fl) (1 + (7") (be -b'e j, (27) 
where 
(28) 
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The Fourier lnverslon theorem now yields 
E v • (1/211) (l +a') fllB(ll) lao [ 
-lfllx -Kllllx] -!By 
b e -b'e e d!J. (29) 
In a slmllar way the third of equations (15) together wlth (27) yields 
2rrGu • K~iB(~) [ c e -llllx -KilliJ -!fly (30) + c•e e d!l, 
where -oo 
c = l + (G/E)(l +11')(1 -rr+ a k <1'). (31) 
c• • -1 + (G/E)(l +<r) [ K8 (l - tr) + k 8 U-)J. 
Hence, the remalnlng boundary condltlon (19) wlll be satlsf led lf i"° -lily IYI < a. K(c + c') illiB(ll) e dll • 2rrG g(y) • (32) 
-oo 
It ls now clear tha t the desired form for ¢(x, Ill ls given by equation 
(24) where B(ll) satlsfles the palr of dual integral equations (32), (25). 
As there is symmetry about the x-axis in the problem on hand it follows 
from equation (24 ) and the definition of the Fourier transform that B(ll) 
is an even function so that, after setting t • all, Y • y/a, the dual equations 
may be written 
where 
~:'-1f(t) "-i (Yt) dt • Mg(aY)/fY, IYI < l, 
oi~(t) ;r1 (Yt) dt • O, Y > l, 
0 2 
M .V2,;' G a 2 , 
K(c+c•) 
5/2 
f(tl • t B(t/a). 
(33) 
(34) 
(35) 
So the mixed boundary value problem of thls paper is reduced to the task 
of solving the dual equations (33) for f(t). The components of stress and 
displacement can now be obtained directly from f ( t). To do this, first 
consider equation (25 ), Putting X = x/a and remembering that B(fl) is an 
even function r elated to f(t) by equation (35), one obtains from (25) 
ia> -£ - Xt -KXt t t(t) (Ke -e ) 
0 
cos Yt dt, (35) 
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In similar fashion ona finds 
~y f°' t -Xt -KXt - K t f(t) (e -K e ) cos Yt dt, (37) 1Ta3 0 
r-~ -Xt -KXt ~y -K t 2 f(t) (e -e ) sin Yt dt, (38) ffii?l" 
0 
U •-K- 1~-i -Xt -KXt !'(t) ( c e + c'e l cos Yt dt, (39) 
IT Ga2 
0 100 -i -Xt -KXt v • (l+~l t r(t)(b e -b'e l sin Yt dt. (40) 
IT Ea 
0 
5. Indentation by a Rectangular Block. The object of this section 
is to solve the problem stated in Section 2 when g(y) is a constant. For 
this case it appears that the dual integral equations do not have a solution. 
Hence, the procedure in this section is rather indirect. 
Suppose the boundary x • 0 is subjected to the loading 
{ W/(rr Va
2 
- /l, JyJ <a, 
q(y) - O , JyJ >a, 
(41) 
where W is clearly the total applied load. It will appear later that tr.is 
loading produces a constant deflection under the load and so yields a 
solution to the problem of this section. 
Now let ¢(x, y) be the solution of the differential equation (14) 
which satisfies the boundary conditions 
~j -7-
[txyJ x~o 
[~Jx=o 
2 2 
o as x + y _,.c:o, 
• 0 identically in y, 
- -q(y}. 
(42} 
(43) 
(44) 
The results or Section 3 shows that, to meet conditions (42) and~~. the 
Fourier transform or ¢ with respect to y should be of the form 
- [ -JflJx -KJpJx 
¢(x,P)•B(fl} Ke -e ]• (45) 
To satisfy the remaining boundary condition (44) it is necessary to choose 
B(~) so that 
cos yfl dfl - { w /[ (K-1) Va
2 
- /], 
O, JyJ >a. 
JyJ <a, 
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Wpon inversion this gives 
(46) 
Taking the Fourier transtorms ot equations (13), eubstituting tor 
¢(x, Ill trom (45), (46) and then using the inversion theorem, one obtains 
'l__ - ....::filL 
xx rr(K-1) 
-llx -Kllx J [ e - (l/X)e cos Yll dll, 
'tyy . ___lXL 
rr(K-1) 
-llx -Kllx · 
[ e -K e J cos Yll d!l, 
~y-~ 
rr(K-1) l oo -llx -Kllx J J 0 (Ila) [-e + e · sin Yll dll. 
0 
It is convenient now to introduce the complex veriebles z ~nd s defined by 
z • x + iy, s • Kx + iy, (47) 
Hence, by making use ot the integral 
I;-et Jo(yt) dt. ~-. r·)-~. dia >I .:9rl. 
one obtains tor the stress components at an interior point 
'L - ....JYK..._ ut> [ Va1+:a + &J (48) xx rr(K-1) a +s ,, 
2'yy • --1lK._ tr [ vi;a - -1L) (49) rr(K-1) a +z Ya2 +s 2 ' 
2'xy a ---1l!L_ cf [ Va!+z2 - Vai~sll , (50) rr( K-1) 
The values ot the stress components at points ot the boundary can most 
easily be tound separately or trom (48)-(50) by a continuity argument, In 
any case, the results agree with the boundary conditions (43), (44). 
The determination ot the displacement is more awkward, The method used 
in Section 4, leading to equations (39), (40) will tail here since the Fourier 
inversion theorem will be tound to be inapplicable, So one substitutes the 
values ot the stress just obtained into the primary relations (15). Hence, 
~?lu ox • l(1-ocz1 + K«'s 1 ), (51) 
rr(ffwl)E ?Iv • tf (y Z1 - Y' S1) I (52) Oy 
rr(f&l)G eu+ ?>v)· J<z Oy Ox 1 - S1)' (53) 
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where the newly introduced symbols are defined by 
2 2 -t 2 . 2 -+ 
z 1 • (a + z ) , s 1 • (a + s ) , 
y• • (l+O"') [K(l -0') + (k2 r') /Kfl • 
Integration of equations (51) and (52) yields 
n(K - l)Eu =cf[- a. sinh-1 (z/a) +<X'sinh-1 (s/alj + F(y), (54) kw 
n(K - l) Ev =cJrr sinh-1 (z/a) - y• sinh-1 (s/ a)1 KW L' '.1 + G(x), 
where the inverse hyperbolic functions are to be interpreted as their 
principal values. By considerations of symmetry it is clear that v must 
vanish when y = 0 and this implies t ha t G(xl is identioally zero. When the 
above expressions for u and v are substituted into equation (53) there 
results 
(G/E) [F•(y) + c»{(cx + y) Z1 - (0( 1 + Ky'lsJ] - .J(z1 - S1).(55) 
It is readily seen that 
a + y = a ' + Ky ' • E/G 
so that the equation (55) is valid if, and only if, F'(y) = o. Therefore, 
F(y) is a constant, say D, and so the displacement components are given by 
equations (54) with F(y) replaced by D and G(x) by zero. If one sets x•o 
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in the expression for v in (54), it is found that the quantity in the square 
brackets is purely imaginary for IYI < a, showing that the deflection is con-
stant under the load. Therefore, the problem solved in this section is 
precisely the one propounded at the outset. 
The results for the isotropic case can be derived from those just 
obtained by letting K tend to unity and using l' Hospital 's theorem. 
It should be observed that (54) gives infinite values for u, v a t 
infinity. This is a known defect of the classical theory for plane-strain 
deformations and ·is noted bys. Timoshenko [4], p.88 and D. L. Holl [5], p.48. 
The constant D may be chosen so tha t an arbitrarily selected point on the 
surface is taken as a standard reference point relative to which the other 
displacements are measur~d and the formulas for the displacements are con-
sidered to be valid only over a certain finite range . If D is chosen to be 
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(2n/K)(K-l)(l-~2 ) log 2 then the results· for the isotropic oase agree with 
those obtained by M, Sad~wsky [6]. 
6. Symmetric Indentation of Polynomial TyPe. This section is devoted 
to the main problem as stated in Section 2, the equation of the indenting 
punch being 
(56) 
It should be observed that A1 , Ae,' ••• are geometric contatns of the punch 
whereas A0 is not. It is now convenient to introduce two new constants c0 
and c 1 by the definitions 
c0 • -(1/ VTTl ~ Ananyn , c1 • Ao-c0 , 
l 
( 57) 
where Yn is given by equation (6). 
The stress and displacement in the medium are derived from g{y) by 
means of linear operations so that the problem being considered may be solved 
by superposing the solutions of two indentation problems, the first being that 
due to a punch whose equation is 
IYI <a, (58) 
and the second that due to the penetration of a rectangular block to a depth 
c 1 • The second problem has already been solved in Section 5 so that it 
remains to deal with the case where the curve ot contact is given by equation 
(58) with o0 given by equation (57), 
From Section 4 it follows that the stress and displacement are 
obtainable from f(t) by the relations (36)-(40), where f(t) is the solution 
or the dual integral equations 
where 
17·1 t(t) J_t (Yt) dt • M h (aYl/ VY, IYI < 1, 
J_* (Yt) dt ._ O, Y > 1, 
M .'{2;;' G a8 
K(c + c 1 ) 
(59) 
(60) 
The dual integral equations (59) are exactly or the type tor which an 
explicit solution was developed in Section 1. Therefore, 
r(t) • M Z,.Anantn(t), (61) 
' 
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where 
-+{' 
t J., un J 1 (tu) du, (62) 
The stress and displacement can now be obtained trom equations (36)-(40), 
In order to express the answers in simple form it is convenient to introduce 
some new quantities by the definitions 
Pmn 
'l.mn 
Z • X + iY, 
= ['undu J.~m J 1 (ut) e 
- j~ndu f";,m J'1 (ut) 
0 0 
!fon+l) {2) • ( n/2lYn (n/2 
e 
L • 2G 
aY'f K(c+c 1 ) 
s - IClC + iY, (63) 
-zt 
dt, (64) 
-st 
dt, (65) 
(66) 
(67) 
The integrals (64),(65) are reguired only form= 0 or l, They can 
be evaluated by using the standard integrals 
Joo -pt 
0
te J 1 (ut)dt=u 2 2 -+ u + p ) • 
these being valid for p > O. Hence, one obtains 
l 'n-1 P0 n(X, Y) • u f 1 -
0 
2 2 -t 
Z(u + Z ) 1 
_{'n+l 2 
P1 n(X, Y) J_u (u 
2 --t 
+ z ) du, 
du, 
1"' 'n-1 Q.0 n (X, Y) • u [ l 2 2 -t 7 - S(u + S ) J du, 
0 J' n+l Q.1n( X, Y)J..u (u2 
0 
2 ·i-
+ s ) du. 
After substituting tor f(t) troa (61)-(63) into equations (36)-(40) 
one now obtains i: • ({;}! LA.nY'n an (K P1n - Q.1nl 
I 
t~ • -{f!, 1.KAnY' n an (P1n - KQ.xnl 
I 
*" m 
fxy • -crz~Y' n an (P1n - Q.xnl 
I 
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the tirst three equations being restricted by the condition that X be 
positive in order to avoid divergent integrals, Asterisks have been used 
above on the symbois Z"and u as these are liot .the tinal components ot stress 
and displacement, If, in the problem ot the penetration of a rectangular 
block to a depth of c 1 , the various quantities be distinguished by the 
superscript (o), then the stress and displacement components tor the main 
problem ot this chapter are given by 
If\- m* If" ! o l 
"°1j ~ 'ij + ~j • 
(o) 
Also, it W is the total load applied to the boundary, 
(o) 
w·vt"+w , 
The expression 
the expression 
tor ~I after an integration by perts, may be combined with 
ti'- \0) 
for bxx obtained tram (48) to yield 
f 1 n-1 nu 
• 
( K l \du, y ua+za -vua+s;) 
Hence,Z'xx is finite et the point X • O, Y • 1, it and only it 
W(o) • -en(K-l)L £.AnY'nen, 
I 
Theretore, the tinal expressions tor the stress components become 
rt" • £'.f Z°LAnY' nann l'un-1 ( K l )du, xx I 'IT+?! - VT+S· 
~yy • -fR.!. U<AnY' nann 
I 
l~n-1 ( 11 K ) du 
Vua+ z• - Vu•+ s• ' 
~y ·-J~Ll\AnY'nann J~n-1 
0 
( l l ) du • 
. Vu•+ z• -Viii+ s• 
(69) 
These integrals ere elementary so that the stress components ere expressible 
in closed form in terms of simple functions. Also, an inspection of these 
formulas show immediately that the boundary conditions on 'Z'xx and Z'yy are 
satisfied, 
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It is important to determine the quantity a in terms of the total 
load VI a_nd the other constants or the problen. To do this, one first writes 
down 
n-1 
'txx(O, Y) • Z l.AnY'na°n t (K-1) u du, 0 < Y < 1. I Yu•- y• 
Hence, one finds that 
This then yields 
W • -2a 1' Z'xx(O, Y) dY • V/(o) 
0 
Vl(l- ~)K(K + 1) + 2YfTE :!. An_Y'nan • O 
I 
from which a can be determined. 
The components of displac ement are round by simple superposition of the 
results of this section with equation (54). To check the boundary condition 
on u, one finds that, if X • O and O < Y < 1, 
u(O, Y) • c 1 - aKL(c+c•) ~ An_Y'nan [1 - Y ~un-l du 
G I n Jo Vy• - u• 
which, with the help of (31), (57), (66), simplifies to the relation 
u(O, Y) • c 1 -+ c0 + ~ Ananyn, O 4; Y ~ 1. 
I 
The right-hand member of this equation is precisely g(y) so that the boundary 
condition on u is verified. 
It has now been verified that the final expressions for the stress end 
displacement do, in fact, satisfy all the boundary conditions. To complete 
the verification of the solution one can substitute the expressions (69) tor 
the stress components into the equilibrium equations 
(b/bx) i'xx + (b/by) 'Cxy mo, 
(b/bx) 'Cx.Y + (b/byl1:°yy • o, 
and the compatibility relation (14). An inspection of (69) shows immediately 
that the equilibrium equations are satisfied. Also, the compatibility 
relation (14) can be written in the form. 
and this is clearly satisfied since, 
"/:xx+ ~y • L(K• -1)'f: ?Any' nann 11 n-1 u du 
oVu•+ S 2 
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The results tor the isotropic case can be deduced trom the toregoing 
by letting K tend to unity. The tormulas so obtained are in essential agree-
ment with those given by Sneddon [7] although his treatment contains puzzling 
teatures such as the condition imposed concerning "zero resultant torce on 
the boundary." 
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PARASITES OF THE EUROPEAN CORN BORER IN row A 1 
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INTRODUCTION 
The first work in Iowa with parasites of the European corn borer, 
Pyrausta nubilalis (Hbn.), began in 1926, sixteen years before the corn 
borer reached the state (29), when the parasite Microbracon brevicornis 
(Wesm.) was reared on the smartweed borer, Pyrausta ainsliei Heinrich, 
and released in smartweed patches with the hope that it would become 
established and then transfer its attack to the European corn borer if 
and when the latter arrived (19, 3). 
The State Entomologist of Iowa, with cooperation of the Agricultural 
Experiment Station and the U. S. Bureau of Entomology and Plant 
Quarantine, in the fall of 1943 started to introduce the insect enemies 
of the pest into the state (14, 20). Annually since then the State Depart-
ment of Agriculture has made funds available for procuring parasite 
adults for colonization. The parasites have been reared at the Bureau's 
laboratory at Moorestown, New Jersey, and shipped to Iowa. Most re-
leases have been made by state personnel, including entomologists of 
the State Department of Agriculture, Experiment Station and Extension 
Service - a few releases were made in eastern Iowa from 1944 through 
1948 by Bureau personnel located at the Muscatine, Iowa, Laboratory, 
and the small number of releases in 1950 were made by the Bureau per-
sonnel at the European Corn Borer Laboratory at Ankeny. 
The annual report of the State Entomologist in the Iowa Year book 
of Agriculture has recorded annually the number of each species and 
the township in which they were released (20, 21, 25, 27, 28). Similarly 
the Bureau has summarized the numbers of each species released in Iowa 
and other states (5, 6, 7, 9, 17). 
Studies by the cooperating agencies have been continued annually 
to learn whether the introduced parasites became established initially 
and persisted after establishment and also to obtain information regard-
1 Journal Paper No. J-2118 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 1193. In large part based on "Insect Parasites of Pyrausta Species 
in Iowa" by Carl C. Blickenstaff, a thesis on file in the Iowa State College Library, 
submitted to the Graduate Faculty, Iowa State College, in partial fulfillment of the 
requirements for the degree of Master of Science. 
2 Formerly Associate, Dept. of Zoology and Entomology, . Iowa State College. 
' Entomologist, Bureau of Entomology and Plant Quarantine, U. S. Department 
of Agriculture, Ankeny, Iowa. 
•State Entomologist and Head, Department of Zoology and Entomology, Iowa 
State College, Ames, Iowa. 
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ing spread and abundance. From these studies records were obtained 
also on parasite species indigenous to Iowa which were found attacking 
the European corn borer. The state agencies made all of the collections, 
except a few in the vicinity of Muscatine, which were made by the 
Bureau from 1944 through 1949, and in 1950 state and federal agencies 
worked together. 
Some of the collections of hibernating host larvae taken each fall 
from 1944 through 194 7 were processed at the Experiment Station as 
a part of the state corn borer project. All other collections from 1944 
through 1949 were processed at the Moorestown, N. J., or the Toledo, 
Ohio, Laboratory of the Bureau, utilizing the methods described by 
Baker et al. (10). Collections in 1950 were processed at the European 
Corn Borer Laboratory at Ankeny. 
SOURCES OF PARASITES RELEASED IN IOWA 
Nine species of exotic parasites have been released in Iowa, in-
cluding the larvaevorid, Lydella stabulans grisescens R. D.; three ichneu-
monids, Campoplex alkae Ell. & Sacht., Horogenes punctorius (Roman), 
and Phaeogenes nigridens Wesm.; four braconids, Apanteles thompsoni 
Lyle, Chelonus annulipes Wesm., Macrocentrus gifuensis Ashm., and 
Microgaster tibialis Nees., and one eulophid, Sympiesis viridula (Thoms), 
previously called Eulophus viridulus. The numbers of each species re-
leased each year are shown in Table 1. 
Four of the nine parasites, L . stabulans grisescens, H. punctorius, 
M. gifuensis and C. annulipes, were reared from hibernating corn borer 
larvae collected in eastern states where they were plentiful. The methods 
described by Baker, et al. (10) were used except that after 1946 the 
borers for L. stabulans grisescens production were isolated in shell vials 
in the same manner as those for other species. Most of the L. stabulans 
grisescens came from the vicinity of Moorestown, New Jersey; H. 
punctorius from East Hartford, Connecticut; M. gifuensis from East Hart-
ford and Taunton, Massachusetts, and C. annulipes from Taunton. The 
number of C. annulipes obtained from field collections was small in 
1949 and 1950, and the method of laboratory rearing described by Bradley 
(11) was used to produce them in greater numbers. 
P. nigridens for colonization were reared from collections of first 
brood European corn borer pupae taken from fields in Concord, Lincoln 
and Waltham, Massachusetts, in July and August, 1945. 
Laboratory reared, hibernating S . viridula pupae were obtained from 
the Dominion Parasite Laboratory, Belleville, Ontario, Canada through 
the courtesy of A. B . Baird. Adults were reared from the pupae at 
Toledo in 1945 and 1946 and at Moorestown in 194 7 and 1948. 
Cocoons of hibernating C. alkae and M. tibialis were collected dur-
ing the fall and winter in Europe by the Paris, France, laboratory of the 
Bureau's Division of Foreign Parasite Introduction. The cocoons were 
shipped to Moorestown, where they were stored and later incubated to 
produce adults according to the methods described by Arbuthnot and 
Baker (4) . A . thompsoni adults were reared at Moorestown from hiber-
TABLE 1 
NUMBERS OF EUROPEAN CORN BORER PARASITES RELEASED IN IowA TO DECEMBER 31, 1951 
I Phaeogenes 
I 
Lydella 
Apanteles Campoplex Chelonus Horogenes stabulans M acrocentrus Microgaster Sympiesis 
Year thompsoni alkae annulipes punctorius grisescens gifuensis tibial is nigridens viridula Total 
1944 ... ....... .. ... 0 0 490 3, 133 8,090 122 , 115 0 0 0 133 ,828 
1945 ............... 0 0 1,494 5, 110 5,368 46 ,602 0 500 5,536 64,610 
1946 ... .... . . . . . . .. 0 0 526 3,067 12, 578 143 ,051 0 0 4,984 164,206 
1947 . ...... ........ 0 0 1,472 2,906 25,489 257,020 0 0 3,969 290,856 
1948 . .............. 0 0 135 856 1,449 38, 188 0 0 3,997 44,625 
1949 ..... . .... .. . . . 0 0 2, 563 917 960 82,821 0 0 0 87,261 
1950 ...... . . . . ..... 0 279 7,471 485 548 21,175 33 0 0 29,991 
1951 . ...... ... . .... 691 719 2,309 642 269 21 , 167 1,044 0 0 26,841 
- -
---
--- --- --- -- - ---
I 
---
TOTAL . . ........ . . 691 998 16,4.60 17,116 54,751 732, 139 1,077 500 18 ,486 842,218 
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nating European corn borer larvae taken in Europe incidental to the 
collecting of C. alkae and M. tibialis cocoons. 
COLONIZATION TECHNIQUES 
Release sites and species to be liberated in Iowa were selected by 
general procedures described by Baker, et al. (10). The earliest releases 
(those made in 1944) were made in eastern parts of the state, which the 
borer first invaded and where high populations first developed. As the 
pest spread and its numbers increased westward in later years, parasite 
releases were made farther west and in 194 7 some were released near 
the western boundary of the state. Four principal parasite study localities 
were established in Muscatine, Marshall, Harrison, and Hancock counties, 
located respectively in the eastern, central, western and northern parts 
of the state, and in 1948, 1949, and 1950, parasite releases have been 
concentrated in these localities. 
M. gifuensis was the most plentiful parasite available for release and 
in the first three years, about three colonies per county were released in 
eastern Iowa. L . stabulans grisescens was available in about the pro-
portion of one colony (500 adults) to three of M. gifuensis (2,000 adults 
each) and usually no more than one colony was released per county. 
The other species were less plentiful and were released at greater in-
tervals between colonies. 
Group colonizations of C. annulipes were made in 1949 and 1950, 
similar to those made in 1939 in Connecticut and Massachusetts and in 
1940 in New York (10). 
Recoveries of M. gifuensis in Iowa and other middle western states 
showed a preponderance of males in several instances, especially from 
collections taken latN than the year of release. Inasmuch as unfertilized 
females produce only male offspring this indicated mating was not sat-
isfactorily accomplished in the field, and it was thought that dispersion 
of adults from the release site might provide insufficient concentrations 
of progeny to facilitate contact between the sexes. One possible means 
of providing higher progeny populations was the releasing of groups 
of colonies close enough to one another that dispersion from them would 
overlap. This type of release was made during the period 1948-51. 
Another possible means was continuation of releases even after estab-
lishment of the species was accomplished to provide released adults in 
addition to the progeny present in the field. This was done in Britt Town-
ship, Hancock County, in 1949 and 1950, where M. gifuensis showed 
survival in 1948 from a release made there in 1947. Insufficient time 
has elapsed 5incc these techniques were used in making releases to 
evaluate them in comparison with the releasing of colonies at one 
site or discontinuing releases after initial establishment was shown. 
TECHNIQUES USED TO DETERMINE THE FIELD STATUS OF PARASITES 
Collections of European corn borers to determine the status of 
parasites fall into four main categories: (1) Those. taken in the im-
med\ate vicinity of release sites to determine if parasites became estab-
' 
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lished in the same year and if they survived in any later year. (2) 
Those taken systematically around release sites with location of sam-
pling points determined by use of either a polar or rectangular coor-
dinate arrangement to determine survival, rate and direction of dis-
persion, and changes in abundance. (3) Those taken systematically 
from extensiv(· areas, without regard to the location of release sites 
to determine the extent of parasitization in large areas. ( 4) Collec-
tions taken where parasites had not been released, which sometimes 
provided information on the dispersion of released species. All methods 
frequently gave data on the attack by native parasites on the corn 
borer. 
The experiment station studies involved records of parasitiza-
tion taken throughout the year. All other information from 1944 through 
1949 was nn hibernating host larvae except at Muscatine in the spring 
of 1947, 1948, and 1949 when host pupae from overwintered borers 
were observed. In 1950, overwintered larvae, and pupae developed from 
them, were collected in the spring; and first and second brood larvae and 
pupae from numerous localities and areas throughout the state were 
collected and reared for parasite data. Many of the larvae collected 
during the summer in 1950 hibernated. They were overwintered in 
cold storage and incubated in the spring. 
All of the accumulated information on parasites of the European 
corn borer in Iowa is presented in the following discussions. 
COLONIZATION 
FIELD STATUS OF IMPORTED PARASITES IN IOWA 
Lydella stabulans grisescens R. D. 
The biology of this species has been discussed in considerable de-
tail elsewhere (10, 36) . It has been colonized in 87 localities, in 52 
counties in the State as shown in Table 2, and 54,751 adults have been 
released. 
FIELD STATUS 
Lydella. stabulans grisescens is the most widely established and 
abundant rarasite of the European corn borer in Iowa and has been 
taken in J.43 townships in 42 counties in the state. It is noteworthy 
that when a collection was taken in a later year at a site where grises-
cens had been recovered, the species again appeared in the collection 
except in four localities, Fredericka Township, Bremer County; Eldora 
Township, Benton County; Green Township, Fremont County; and 
College Township, Linn County. Of these the collections in Fremont 
County were taken about four miles from the release site where it 
was recover ed in 1948, the year in which it was released. 
The location of release sites and places where Lydella was re-
covered arc shown in Figure 1. In 12 counties, releases but no recoveries 
were made. Releases were made in 1947 in eight of these 12 counties 
and collections taken as follows failed to produce this parasite: Alla-
makee 1947, 1948, and 1949; Audubon 1947; Chickasaw 1947; Decatur 
TABLE 2 
Lyde/la stabulans grisescens ADULTS RELEASED IN low A TO DECEMBER 31, 1951 
No. No. 
County Township released County Township released 
rear- 1944 rear-·1946 
Cedar Dayton 491 (Cont.) 
" Sugar Creek 412 
Clinton Comanche 484 Louisa Columbus City 497 
" Orange 488 Mahaska Monroe 490 
Des Moines Flint River 490 Marshall Liscomb 491 
Dubuque White Water 455* Poweshiek Warren 490* 
Henry Canaan 496 Scott Butler 487* 
Jackson South Fork 424* Story Lafayette 198 
" Washington 491 Tama Otter Creek 485 
Johnson West Lucas 496* Washington Oregon 489* 
Jones Cass 439* 
Lee Jefferson 491 * TOTAL 12,578 
Linn College 491 * 
Louisa Wapello 487* rear-1947 
Muscatine Sweetland 498 Allamakee Franklin 494 
Scott Winfield 466 Audubon Hamlin 490 
Washington Oregon 491 * Buchanan Fremont 327* 
" Hazelton 458 
TOTAL 8,090 " Sumner 450 
Chickasaw Jacksonville 465 
r ear-1945 Clayton Cox Creek 492* 
Benton Eldorado 487 Davis Cleveland 454 
Dubuque White Water 484* " Lick Creek 901 
Grundy Washington 490 " Prairie 482 
Henry Marion 480* Decatur Franklin 498 
Iowa Lenox 486 * Delaware Delaware 497 
Jackson South Fork 492* " Honey Creek 485 
Johnson West Lucas 478* " South Fork 497* 
Lee Jefferson 488* Dubuque Prairie Creek 495 
Louisa Wapello 495* " Table Mound 470 
Poweshiek Warren 489* Emmet Twelve Mile Lake 475 
Scott Butler 499* Fay,~tte Jefferson 450* 
Union 475 
TOTAL 5 , 368 " West Field 440 
Guthrie Valley 495 
r ear- 1946 Harrison Harrison 498* 
Benton Fremont 492 Henry ~ Jackson 495 
Black Hawk Big Creek 485 " Marion 491 * 
Bremer Jackson 477 " Scott 490* 
Buchanan Fremont 461 * Howard Vernon Springs 490 
Cedar Fremont 467* Iowa Hartford 487 
Clayton Cox Creek 484* " Lenox 988* 
Delaware South Fork 321 * " Tray 492 
Dubuque White Water 394* Jeffe;~on Black Hawk 478 
Fayette Jefferson 482* Center 470 
Grundy Melrose 490* " Locust Grove 475 
Henry Scott 470* Keokuk English River 488 
Iowa Lenox 496* " Sigourney 992* 
Jackson South Fork 409* " Washington 488 
Jasper Clear Creek 183* Marion Indiana 492 
Johnson Liberty 499 * Palo Alto Emmetsburg 497 
Jones Cass 431 * Shelby Center 495 
Keokuk Sigourney 485 * Union Jones 491 
Lee Jeffers<an 463* Van Buren Des Moines 496 
Linn College 493* " Farmington 499 
" Jackson 469 " Van Buren 499 
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TABLE 2 (Continued) 
No. No. 
County Township released County Township releaEe j 
---
rear-1947 rear- 1949 
(Cont.) Hancock Britt 480 
WaRello Highland 492 Harrison Harrison 480* 
Pleasant 492 
" Washington 465 TOTAL 960 
Washington English River 500 1-:~-" Franklin 494 Year-1950 
" Oregon 493 * Harrison Harrison 
W ebster Lost Grove 497 
I 269 = 
Winneshiek D ecorah 475 Year- 1951 
Warren Washington 
TOTAL 25 ,489 
GRAND TOTAL 54,7:1 
rear-1948 
Fremont Green 405 
Harrison Harrison 560 * 
Plymouth Elgin 484 
I I TOTAL 1,449 
* R eleased here in more than one year. 
1949; Emmet 1949; Marion 1949; Palo Alto 1947; and Union 1949. 
In Fayette County no recoveries were made from a collection taken 
in Jefferson Township in 1946, the year in which it was released there. 
The following year releases were made in three townships and the 
only collection taken thereafter was in the summer of 1950, when it 
was recovf>red. Both releases and collections were made annually in 
Harrison Township, Harrison County from 1947 through 1950 but none 
was recovered until the last year. In Britt Township, Hancock County, 
none was recovered from a 1949 collection following a release that 
year, but it was recovered in 1950. No collections have been taken in 
Davis and .Jefferson Counties, in each of which three releases were 
made in 1947. 
In sorr.e other counties, collections were not taken from every 
one of the release localities, but L. stabulans grisescens was recovered 
in the county. Table 3 shows a complete list of recoveries in the state 
including all of those obtained through observations on overwintered 
host larvae in the winter of 1949-1950, and the first brood in the 
summer o{ HJ50. 
Collections of hibernating borers were taken in four or five years 
at six release sites and provide some data on L. stabulans grisescens 
after it became established. The percentage parasitized was less1 than 
ten when the fly was first taken in five localities but in Liscomb Town-
ship, Marshall County, it was higher. No release was made after 
initial establishment was shown in Cox Creek Township, Clayton 
County; Comanche Township, Clinton County; Flint River Township, 
Des Moines County; and Liscomb Township, Marshall County, but 
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\ 
two later releases were made in White Water Township, Dubuque 
County, and Oregon Township, Washington County. No advantage to 
the fly is indicated from releases made after it became established since 
the percentages of borers parasitized did not increase faster there than 
where no post recovery release was made. 
An ecological study of the European corn borer was started in 
Muscatine County in 1944. Two study areas, K and L, were established 
and each one consisted of 12 one-mile-square sections arranged as shown 
in Figure 2, numbered consecutively from 1 to 12, beginning with the 
0 
'"e""' 
SINGLE COLONY RELEASE 
0 NO COLLECTION TAKEN 
e 
+ + ;;~· · 
+ + 
0 
Q COLLECTION TAKEN, NOT RECOVERED 
e ESTABLISHMENT SHOWN 
+ RECOVERED WHERE NOT RELEASED 
FIG. 1. - Localities in Iowa where Lydella stabulans grisescens has been released 
and the recovery records obtained. 
upper left and progressing toward the right in each row of four sec-
tions. L. stabulans grisescens was released in the northeast quarter of 
Section 11, Area K , oh June 22, 1944. One sample of approximately 
fifty borers was taken from each section in the fall of 1944, and in each 
later year two samples were taken, each consisting of about twenty-
five borers. The total borers observed was 610, 575, 602, 523, 550, 521, 
and 472 in K and 568, 484, 587, 563, 567, 598, and 476 in L, respectively, 
in 1944, 1945, 1946, 1947, 1948, 1949, and 1950. The percentages of borers 
parasitized in the sections are shown in Table 4. L. stabulans grisescens 
was recovered from Sections 7, 8, and 10, all adjoining Section 11, 
in Area K in ] 944. In 1945 it was taken in all but two sections, 1 and 
9, in Area K, when the percentage exceeded 14 in the four sections 
7, 8, 11, and 12 and was greater than 10 per cent in only one other 
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section (No. 2). Every one of the 12 sections in area K produced this 
parasite in 1946, and it was taken in four eastern sections of area L, more 
than seven miles from the release site. In 1947, 1948, 1949, and 1950 
recoveries were made in every one of the twenty-four sections in 
the two areas. The 194 7 collections, taken three years after the release 
was made, showed dispersion to at least nine miles from the release site. 
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FIG. 2.-Dispersion and abundance of Lydella stabulans grisescens in two study 
areas in Muscatine County, Iowa. 
The percentage of borers parasitized in Area K increased an-
nually from 1.2 in 1944 to a maximum of 32.3 in 194 7, decreased in 
1948 and HJ49 to 24.8 in 1949, then increased to 68.6 in 1950. In Area L, 
parasitization increased from 1.4 per cent in 1946 to 22.8 per cent in 
1948, decreased to 19.6 per cent in 1949, and in 1950 increased to 63.4. 
A survey was made in the fall of 1948 and 1949 to determine para-
sitization over an extensive area in eastern Iowa by taking a 50-
borer sample from about every other one of the townships, without 
regard to parasite release sites. Data from ten surveyed counties are 
grouped into three areas, and two counties are shown separately, 
in Table 5. 
......, 
... 
... 
... 
TABLE 3 
L)•della stabulans grisescens RECOVERIES IN low A 
Number of borers observed: Percentage of borers parasitized: 
_B_e:-:-
0
u_nn_t_Y ___ E-ld_o_r_~_d0_0w __ n-. s __ h_iP ____ ~ 94~ . . 1945 I 1 ::6 1~ 947 . 1948 1. 1949 . . ~ ~~O .. 194~ 1 19:5 1 :4: - 1 ~~7.l. 1~4~ . . 1 ~4~ .. 1 ~5~. 
Florence . . . . . . . . 18 16 . 3 
Fremont ..... . .. . . . . 
Iowa ..... . .. . 
Jackson . ... . . 
Kane ... . 
Union ..... . . 
19 
.. 12 
51 
57 
68 
71 
94 
3 
87 
17 
21 
28 
O* 27 .5 
0 3.5 18.1 14.3 
33.3 
1 .5 31.0 21.4 
29.6 23.5 
------------------------- ------------ --------------- ------
Black Hawk Barclay ...... . 
Bennington .. 
Big Creek .... 
Cedar Falls. 
Mt. Vernon ..... 
41 
73 
3 
71 
53 
84 1861 
131 
3 
...... 
. . . . . . I . . . . . . 66.6 
............ 28 .6 
4.9* 1. 9 ...... 
0 . . . . . . . . . . . . 0 4.8 
15.4 
33.3 
----------------!---------------------- ---------------------
Boone Des Moines. 57 
Dodge .... . 
Harrison .... . 544 
3191 
251 
2181 
0 
0 
0.3 
4 .0 
3.2 
------------·------- - --- ----------- --- --- - ----- - --· ------ ---
Bremer Dou~!as ........ . 121 8.3 
9 11.1 
Franklin ... .... . 
Fredericka . .. . .... . 
Fremont ... . . . 
Le,~oy . .... . . .... .. . 
5 
. . . 1· .. 20 .0 10 10.0 
4 
·:::·· .... . 50 .0 97 2681 6.1 2.6 
16 25.0 
Maxfield ... .. . 231 13.0 
Polk ...... . 2541 2.0 
Warren .... .. . 371 18.9 
--- -------------!---- ------------------ ----------------------
Buchanan Fremont ........ . 59 15 .3* * 
TABLE 3 (Continued) 
Number of borers observed: Percentage of borers parasitized : 
County Dayto:~w~s~i·p· . . . 1 ::4 . ~ 945. 1 ::6 . 194~ . . ~ 948 . 1949 .. 1 ~~O 1~4:.1. 194~ . 1 :46 . 1 ~47 .. ~ ~48 .. 1949 . 1950. ---1----------1---
Cedar 
Inland . . . . . . . . . . . . . . 53 46 . . . . 58. 5 26 . 1 
Pioneer . . . . . . . . . . 19 58 36 0 0 19 . 4 
Red Oak. .. 57 48 38.6 31.3 
Rochester . . . . . . . . . . . 55 29 16. 4 20. 7 
Springdale . . . . . . . . . 61 25 52 . 5 24. 0 
Springfield . . . . . . . . . . 56 47 62 . 5 19 . 1 
Sugar Creek ...... . 440 4 42 0 . 2* 0 0 
------1----------·- ------------------------------------------
Clayton Cox Creek .... . ... . . 48 48 
Elk ................ . 
Girard . .. ... . 
Grand Meadow ..... . 
Highland ..... .. . 
Millville ... . ... . . 
Read ... . . . 48 
54 
54 
47 
54 
38 
50 
49 
46 
48 
43 
53 
49 
45 
47 
O* 
0 
10.4* 14.8 
0 
0 
0 
0 
0 
0 
21. 7 
6 .3 
14.0 
5 .7 
2 .0 
22 . 2 
6.4 
------1----------1--------- - -- - ------ - - --------- ------- -----
Clinton 
Dallas 
Delaware 
Des Moines 
~~~~~~~e".·.·.-.·.·. .. 434 .:: ·3:7: .: .:,.:: · 4:7 87 64 ~~ 0.9* 10 .8 29.8 41.4 53 · 1 
DeWitt ........ 58 45 .. . . .. .. 34.5 
Eden . .. ........... . 33 95 91 0 0 33 .0 
31.8 
25 .0 
14 .6 
53 .3 
Deep Creek. . . . . . . . . 49 41 · .
1
. · · · · · 26 · 5 
Olive .. . ............ 53 50 ........ 34.0 28 .0 
Waterford. . . . . . . . 63 49 52 . 4 20. 4 
::::~r :: . ·~~~~=:·:: .. ·: .... ::::.· ··~~-· , ~~· 1 ... ~ . . ·· · ::~! ·::: : ··: ·:· :: · .. : ·· ~· ·· 23 :~ · 14:3 . 
Elk. . . . . . . . . . . . 42 49 . . . . . . . . . . . . 2 . 4 8 . 2 
Honey Creek.. . . .... 46 47 49 . . . . . . . . . 0 * 25.5 24.5 
Prairie. . . 46 42 .. I . 0 9 . 5 
Danville ......... 40 15 .0 
Flint River .. . .. .... . 88 14 45 57 3 . 4* 7. 1 2 .2 28 . 1 
Franklin ...... .. . . . 54 46 9 .3 17.4 
Washington .. ... ... . 23 42 60 45 0 0 33 . 3 8.9 
......, 
w 
""' °' 
TABLE 3 (Continued) 
Number of borers observed: Percentage of borers parasitized : 
County Township 1944 194S 1946 1947 1948 1949 19SO 1944 194S 1946 1947 1948 1949 19SO 
------1---------1------------------------------ ------ ------
Dubuque Concord ...... . . . S7 so 3.S 6.0 
46 Dodge ..... . . . . .. . . . so 16 .o 8. 7 
Liberty ... ...... . .. . 42 47 0 17.0 
Peru ............. .. . S4 48 S .6 12.S 
Prairie Creek ....... . S2 93 0 3.3* 
Table Mound .. ..... . 48 S8* S8 S2 0 0* 1S . S 1. 9 
Taylor .. . .. . . ..... . 
Vernon ......... ... . 
62 6 . S 
38 42 . 1 
White Water . . ..... . S1 110 S6 46 * * 3 . 9* 24.S 2S . O 28 .3 
------1---------1----------------------------------- -------
Fayette Oran .. ......... . 201 . . . . . . . . . . . . . . . . . . . . . . . . 10 .0 
" 
I
. . . . . . . . . . . . . . . . . . . . . . . . . 9 . . . . . . . . . . . . . . . . . . . .. .. 44.4 
------1-~-:-;1-;:-. s-~-:.-:.-:.-:. -:-:-: ;-:-:-:-:-. i-.-:-:-: -: .~ : 13S : : : : : : : : 1 s2 : .. : : : :- . ~~~ .. ~ ~--- . : o* : . ~~~ . : 1 : 3 . ~I ~~: ~. Fremont Grundy 
Washington . . . . . . . . . . . . . . . 416 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · * 1 · 2 · · · · · · · · · · · · 1 · · · · · · · · · · · · 
______ 1_v_a_1_1e_y_._·_·_·_·_·_· _· _· ._._·_·_· 1 ____ • _· ._ ._ ·_· :__· ._._·_· _ 4_1 __ · _· ._._·_· _· _· ._._·_· _· _· ._._·_· _· _· ._._·_· _· _· ._._·_· _· _· ._._·_· _ 2. 4 * _· _· _· ._._· _· _· ._._·_· _· _· ._._·_· Guthrie 
______ 1_B_ri_tt_._·_·_· _· ._._·_· _· ._._·_· _· ._1 _____ • ._._· ._. _· ._._· ._. _· _· ._._· ~ ~~-· ._._· ._. _· ._. ·...:...:_ _· ._._· ._. _· ._._· ._. _o_,~~ 
Harrison. . . . . . . . . . . . . . . . . . . . . . . . 46 17S 221 2881 . . . . . . . . . . . . . . . . . . O* O* O* 2 . S* 
------1---------1--------------------- - ----- - --------------
Hancock 
Harrison 
Henry Baltimore .. . . ... ... . 
" 
Center ....... . . . .. . . 
Jackson . ... . ... . ... . 
Jefferson .. ..... .. . . . 
" 
Marion ... . . ....... . 
New London ....... . 
" 
42 
4S 
S7 
46 
4S 
69 2101 7. 2 3S. 2 
47 
S1 
73 
1 .. . ... 100 .0 
1 
81 
1 
221 
9 
Sl 
1 
. . ... 
* 
0 
1S.6 
* 
31.6 12 .8 ... . . . 
8.7 1S . 7 100 .0 
4.4 19 .2 12.S 
.. .......... 100.0 
* 22. 7 
...... 33.3 
. . .... 20.0 
. . . . .. 100 .0 
....., 
w ,. 
~ 
...... 
TABLE 3 (Continued) 
Number of borers observed: Percentage of borers parasitized: 
County Township 1944 1945 1946 1947 1948 1949 1950 1944 1945 1946 1947 1948 1949 1950 
------1---------1-------------- --------------------- ---- ---
Henry (Cont.) 
Salem . . . . ... . ... 52 100 491 .... . . 1. 9 14.0 44 .9 
Scott ... . . . ....... 50 38 1971 4 .0* * 26.3 32 .0 
3 0 
Tir,pecanoe ..... 51 18 41 9 .8 5 .6 20.0 
1 0 
W~yne .... .. ... 56 52 1591 28.6 26 .9 24.5 
3 33 .3 
------1---------1-------------------------------------------
Howard Vernon Springs .. .. . . 46 2.2 
------1-------------------------------------------- --- -----
Iowa Lenox ..... ... . . 45 28 * O* * 67 . 9 ... 
------1-- - - -----1------------------------------------------
Jackson Monmouth .. ....... . 
South Fork . ..... . 
44 
524 
42 44 0 2 .4 31. 8 .... . . 
* 1. 7* . . ... . 
- -----1---------1----------------------------------- -------
Jasper Clear Creek . . . . ... . . 7 48 14 . 3* ... 4 .2 ... 
- --- - -1---------1--------- - ----· - - - - ---------- - - - ------------
Johnson Liberty ......... . .. . 
West Lucas .... . .. . . . 
47 
45 
25 O* .... . . 24 .0 
* * 13.3* . . .... .. .. . . 
- -----1---------1-------------- ----------------------------
Jones Cass . .......... . .. . 20 48 42 * 0 2.1 * 19 .0 . . .... 
Castle Grove .... . . . . 48 48 18 .8 16 .7 
Fairview .. ......... . 47 14 .9 
Greenfield ... ..... . . . 55 46 49.1 26 . 1 
Hale .. .. . ... ...... . 45 35.6 
Madison . . . ... ..... . 46 50 .0 
Oxford .. ..... ... . . . 48 47 22 .9 10 .6 
Richland ........... . 49 48 26 .5 4 .2 
Rome . ..... .. . ... . . 53 32 .1 
Scotch Grove . .. .... . 36 30 .6 
------11---------1-·-- ---------------------------------------
Keokuk English River . . ..... . 3 * 66 .7 
Jackson ... . . . . .. 
Sigourney . ... .. . . . . . 
2 
.. *. · 1 · .... 50.0 20 3 O* . . . . . . 33.3 
TABLE 3 (Continued) 
Number of borers observed: Percentage of borers parasitized: 
1944 19.iSI 1946 1947 I 1948 ' 1949 '19s0 1944 ' 1945 I 1946 T''"'"' 1194919s0 
~~=~=:=n========·:~:=:=:=:r=:=:=n=. ·=. ·.=·.=·.=:=· =: =: =: =· .=.:::==9=3== : : : : : I 42 . : : : : . : : : : . : .. ~4 . : .. : : :- . 0 *. . . . *. . 2 : 4 * . : : : : : . : : : . . ~~: 5 . . . : : : 
County Township 
Brown . . . . . . . . . . . . . . .. . . 1 • • • 17 58. 8 
College . . . . . . . . . . . . . 93 45 
Jackson ...... 131 
Marion ........... 13 
1. 1 * ..... O* 
45 O* 15.6 
250 0 11.2 
Otter Creek ..... .. . 49 20 .4 
Spring Grove .. ... . 40 12 . 5 
....., 
______ , ___________ ------------------------------ ------------
~ Louisa 
CD 
Columbus City ... . . . . 
Concord ..... . ... . 
49 
50 
6 .1 * ... 
34 4.0 26 . 5 
..... 
Eliot .. .. ...... . .. . . 34 5 .9 
Grandview .. ... ... . . 51 43 9.8 4 .7 
Jefferson .... . . . 
Morning Sun .. . . . 
Wapello ........ . . 
57 21.1 
75 51 50.7 5 .9 
140 * * 3.6 
______ , _________ ------------------------------------------
Mahaska Garfield. 56 46 . . . . . 0 4.3 
Monroe . . . . 12 48 8 . . . . . . . . . . . . . . . . . . 8 . 3 * . . . . . . 12 . 5 3 7 . 5 
Richland . . : : 44 4 . 5 
White Oak . . . . . 19 42 0 9. 5 
Marshall 
Mitchell 
LeGrande.. . . . . . . . 1--.. --. -.-.--.--SZ 46-.-.-. -. -.-.-.- --.. -.--. ----. --1:9 326---
~~~fo~b . ...... ·. ·::: .. ::: . : : 78. - 1~7 .. 159 ~~ _75 :· ::: ::: : - ~6 .7 * 1~ : 8 2~ : 1 ~~:~ 13.3 
::bl~::·· _ I • • • • • • 35 45 ,:: • • • • • • _ >----< , ,: : ----~ 
w 
"" 
'° 
TABLE 3 (Continued) 
I 
County Township 
I Number of borers observed: Percentage of borers parasitized: 
- -- ---------------1------,--------- - --- -- ---
1944 1945 1946 1947 1948 1949 1950 1944 1945 1946 1947 1948 1949 1950 
----- -.,-_________ , ___ --- ------------------------------------
Muscatine Bloomington . . 
Lake . . . .... . 
Moscow ... . 
Sweetland ... . .. . 
Wilton ......... . .. . 
229 
385 
50 
443 
261 
222 
309 
50 
230 
248 
245 
388 
51 
258 
247 
227 
377 
45 
215 
222 
247 
366 
47 
228 
229 
245 
398 
49 
210 
220 
208 
293 
37 
162 
208 
0 
0 
0 
9.2* 
0 
0 7 .3 23.3 20 .6 20 .0 63.9 
0 0 .2 14. 3 23 .5 20 .4 67.2 
2.0 49 .0 35 .6 42.6 32 .6 51 .4 
18 .7 33.3 34.9 28.5 23 .3 74.1 
5 .2 23.9 26 .6 25.8 23 .2 72.6 
------!--------- --------------------------- - --------------
Plymouth Elgin ...... . 105 232 4.8* 0.4 .. ... . 
---- --1----------- --- ------ --- ------------------- -------- ---
Poweshiek 
Scott 
Shelby 
Story 
Tama 
Van Buren 
Sheridan .. . . . . . 
Warren .......... . 
Butler .. . .. ... ... . 
Lincoln .... .. . . .... . 
Center ... 
Franklin ... . . . .. . 
Lafayette .. . 
Indian Village ..... . 
Des Moines . 
27 
51 
45 
43 
216 0 0.5 . • .. 
• • 4. 7 ..... . 
23 . 5* . . .. . . 
6 .7 
40 * 10 .0 .... . . 
* ...... 100 .0 . ... . . 
______ , __________ _ - --------------------------------- - - ---
Wapello Pleasant .... .. ... . . 14 51 O* 3. 9 .... . . 
------!------- - - - ----------------------------------- - -----
Washington Oregon . .... ... _ 441 143 50 2.7* 7. 7* * . . . 16 .0 
______ , ____________ --- --- --------------- --------- ------------
Webster Lost Grove ..... 30 50 * 3 .3 0 
______ , _________ -- - -- - - - ------------------------------------
Winneshiek Decorah . ... . . ... . 45 * 6 . 7 .... . . 
* Released here this year. 
1 This is a first brood coliection, all others were hibernating borers. 
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Area 1 includes Clayton, Delaware, and Dubuque Counties, in 
which the fin:t releases of Lydella were made in 1946, 1945, and 1944, 
respectively. Of eight samples taken each year in Clayton, the northern-
most county surveyed, one sample in 1948 and seven in 1949, produced 
this parasite and the percentage of borers parasitized increased from 
2.0 to 9.6. All four of the 1949 Delaware County collections produced 
this parasite, whereas it was produced from only two of four in 1948. 
Also, the percentage of borers attacked was more than twice as great 
in 1949. In Dubuque County only one sample (1948) failed to produce 
L. grisescens in the two years, 1948-1949, and parasitization increased 
from 10.6 to 15.6 between these years. Altogether nineteen samples were 
taken in A rea] in each of the two years, and the percentage parasitized 
was more than twice as great in 1949 (13.2 per cent) as iq 1948 (6.3 
per cent) . 
Area 2 included Cedar, Clinton, and Jones Counties in 1948 and 
these three and Linn County in 1949, in all of which L. stabulans grises-
cens was first released in 1944. Every one of the samples taken in the 
two years produced this parasite, but the percentage of borers parasi-
tized was much lower in 1949 than in 1948 in the three counties surveyed 
in both years. Parasitization was high in 1948 when it was 38.5 per 
cent in the three-county area, and even the 15.1 per cent lower para-
sitization (23.4) in 1949 was high compared with the European records 
for this spec:ies (36), and higher than the seven-year average percent-
age (20.6) '.n New Jersey where field collections were made to provide 
adult flies for colonization in Iowa. 
Area 3 includes Des Moines, Henry, and Louisa Counties where 
Lydella was first released in 1944. Only one sample, from Henry County 
in 1949, failed to show this species among the 25 collections taken in the 
area in the two years. The percentage parasitized in 1949 was lower 
than in 1948 in each county with the greatest difference in Louisa, which 
was the highest in 1948 and lowest in 1949. 
Among i:i x samples taken each year in Mahaska County where this 
parasite was r eleased in 1946, only one in 1948 and four in 1949 pro-
duced the fly and the percentage increased from 2.7 to 4.8 between 
these years. Grisescens was released in Marshall County in 1946, and 
in this county only three samples were taken each year. One and two 
of them produced the parasite in 1948 and 1949, respectively. The 
parasitization of all borers observed increased sharply from 0.7 per 
cent in 1948 to 12.2 in 1949. 
Borers taken in seasonal history and population studies on the 
host in 1950 from five areas in the state were reared in the laboratory 
for parasite data. L. grisescens was prevalent in collections from Henry 
County in the Southeast and the Black Hawk - Bremer County area 
in the Northeast. The earliest, semi-weekly collection in Henry County 
was taken July 22 and the parasite was reared from it. The first corn 
borer pupae and the first parasite puparia were found in the field on July 
27. Corn borer pupation was last found on August 19 and the last emer-
gence on August 25, when the last collection was taken. There were 61 
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borers in the August 19 and August 25 collections and 26.2 per cent 
produced parasites when incubated after collection and 13 borers hiber-
nated. The 13 borers were' incubated after overwintering in cold storage 
and 4 or ti.6 per cent of the original number, produced L. stabulans 
grisescens. A first brood host population survey was made in the period 
TABLE 4 
Lyde/la stabulans grisescens IN Two STUDY AREAS IN MuscATINE COUNTY, IowA 
Percentage of borers parasitized in: 
--
------
--
1949 1 1950 Area and section 1944 1945 1946 1947 1948 
Area K 
~North row 
1 ... ... 0 0 4 .2 23.2 22.2 14 . 9 72.5 
2 .... . .. . . . . . . . . . 0 10 .4 26 .0 21 .7 22.7 28.9 72.1 
3 ...... . .. . . . . . . . . . . . . . . . . 0 3.9 50 .0 23.9 17.1 4 . 5 66.7 
4 .. . . . .... . . . ........ ' 0 6 .4 24.0 25.6 22.0 37.5 81.4 
Center row 
5 . . .... . . . . . . . . . . . . . . . . . . . 0 2.0 49 .0 35.6 42.6 32.6 56.8 
6 .... . .. . . . . . . . . . . . . . . . . . . 0 5.9 33.3 38 .6 42.8 9.1 51.2 
7 . ... . . . . . . . . . . . . . . . 2 .0 33 .3 34 .0 21.1 30 .4 27 .1 76.7 
8 . .. . ..... . .. . ....... . .. . . 1.4 20 .4 32.7 36.2 30.2 22.0 78.4 
South row 
9 .. . . . . . . . . . . . . . . . . . . . . . . 0 0 23 .9 46 .3 17 .4 31.0 66 .7 
10 .. . . . .... . .......... . 2.0 7.5 29.4 41. 9 23.1 32 .6 74.4 
11 .. . .... . . . . . . . . . . . 0 14 .6 46 .0 39.1 37 .8 20.6 60.0 
12 .. . . . .. . . ... .... ... 0 17 .6 27.4 34.1 21.4 12 .2 65.2 
TOTAL . ..... .. . . . . . . . . . . 1.2 9.9 30 .1 32 .3 27.6 24.8 68.6 
Area L 
Northwest row 
1 . . . . . . . . . . . . . . 0 0 0 4.4 16.3 16.0 63.4 
2 . . . . . . . . . . . 0 0 0 14 .0 27 .9 11.1 52.9 
3. 0 0 0 17 .6 13 .1 4.0 63.4 
4 ... .. . . . . . . . . . . . . . . . . . . . . 0 0 6 .5 12 .8 26 .0 25 .5 56.1 
Center row 
5 . .. ................. . .. 0 0 0 14 .0 20.0 28.6 64.1 
6 .. . .. ... ..... . . .. ... ..... 0 0 0 19. 1 21.4 15 .7 64.1 
7 ............. . ... 0 0 0 14 . 9 29.4 35.4 73.0 
8 ....... . . . . . . . . . . . . . 0 0 1.9 23.4 24.4 38.2 77.8 
Southeast row 
9 . ..... 0 0 0 6 .4 34 .7 15.6 62.9 
10 ........ 0 0 0 7.1 23.4 15 .7 65.8 
11. . . . . . . . . . . . . . . . . . . . . . . . . 0 0 1.8 16.7 17 .0 13 .2 55.6 
12 ....... . ... 0 0 5.8 41. 5 19.6 17.3 63.8 
--
I 
--
TOTAL. ..... . .... .. . ... . 0 0 1.4 15.6 22.8 19 .6 63 .4 
----
August 7-14, and the 50 borers collected were 30.0 per cent parasitized. 
A fall population survey provided 19 hibernating larvae and 36.8 per 
cent of them were parasitized. 
Semi-weekly first brood borer collections were started on July 
25 in the Black Hawk-Bremer area. The first parasite puparia was found 
in the field on July 28, six days before host pupation started on August 
4. A first brood population survey was made in the period August 
TABLE 5 
THE ABU NDANCE OF Lyde/la stabulans gristscens O N HIBERNATING CORN B O RERS IN IOWA IN ARE AS SURVEYED IN THE FALL OF 1948 AND 1949 
Number of townships : 
Percentage of borers 
Sampled Yielding parasites Number of borers studied parasi tized 
Area and County 1948 1949 1948 1949 1948 1949 1948 1949 
Area~ 1 
C)ayton ........ . . .... . 8 8 1 7 402 379 2 .0 9.6 
Delaware ... . . . . . . . . ... 4 4 2 4 183 183 7. 1 16.4 
·: Dubuque . .. ..... .... ... 7 7 6 7 379 327 10. 6 15 . 6 
·'· ' - - - - -- - -- --
TOTAL 19 19 9 18 964 889 6. 3 13 .2 
Area 2 
Cedar . .. ... . . . .. .. .. . . 5 6 5 6 282 231 45.7 23 .8 
Clinton ...... ......... . 6 6 6 6 378 247 39 .2 28. 7 
Linn . ..... . .. . . . . . . . . . . . . . . . . . . . . 5 .. ... . . . .... 5 . . . . . . . . . . . . 195 . . ... .. . .... 23 .1 
Jones . . . . . . . . . . . . . . . . . . 7 7 7 7 341 317 31. 7 19.0 
- - - - -- - - - -
TOTAL 18 24 18 24 1 ,001 990 38 .5 23.4 
Area 3 . 
Des Moines . ........ .. . 3 3 3 3 171 131 24.0 13 .7 
Henry .. . . . . . . . . . . ... . . 6 5 6 4 307 195 15 .0 14 . 9 
Louisa .. . . . . . . . . . . ..... 4 4 4 4 233 162 24.5 9 .9 
-- - -
- - - - - --
TOTAL 13 12 13 11 711 488 20 .3 12 .2 
Area 4 
Mahaska . . .. . . . . .. .. . . 6 6 1 4 226 228 2 .7 4 .8 
Area 5 
Marshall .. ... .... . ... .. 3 3 1 2 148 131 0. 7 12.2 
PARASITES OF EUROPEA.N CORN BORER 353 
5-25 and 6.6 per cent of the 241 borers were parasitized by L. stabulans 
grisescens. A fall population survey provided 73 borers of which 21.9 
per cent were parasitized. 
RESUME OF THE STATUS OF Lydella stabulans grisescens IN lowA 
L. stabulans grisescens is widely established in the eastern half 
of Iowa as shown by recoveries in 20 counties as follows: Benton, Black 
Hawk, Bremer, Cedar, Clayton, Clinton, Delaware, Des Moines, Henry, 
Dubuque, Jackson, Jones, Keokuk, Linn, Louisa, Mahaska, Marshall, 
Muscatine, Poweshiek, and Scott. Within the area circumscribed by 
these counties its status has not been determined in Buchanan, Fayette, 
Iowa, Johnson, Tama, and Washington nor in several counties border-
ing the area. Some extension of dispersion beyond the area of more 
or less continuous distribution in the eastern part of the state is shown 
by recoveries in Boone, Dallas, and Mitchell Counties where it was not 
released. Establishment was recorded in the vicinity of release points 
m Guthrie, Howard, Plymouth, Shelby, Story, Webster, and Winneshiek 
Counties. It was not recovered in Fremont from collections taken one 
year after initial establishment was shown there. Apparently it failed 
to become established in Harrison County following releases in four 
consecutive years, but initial establishment was shown in 1950, the 
fifth year in which it was released. 
The history of the fly in study areas in Muscatine County showed 
that it spread at least nine miles within three years after it was re-
leased. 
The percentages of borers parasitized by this species in some areas 
of eastern Iowa in 1948 and 1949, notably in the three counties Cedar, 
Clinton, and Jones, exceeded that reported in European areas and in 
the New Jersey area where most of the flies were obtained for release 
in Iowa. 
M acrocentrus gifuensis 
COLONIZATION 
Adults ot this braconid for colonization in Iowa were reared from 
hibernating European corn borer larvae collected in southern New 
England, most of them from Taunton, Massachusetts, in 1944, 1945, 
1946, and 1947. In the latter year some also came from East Hartford, 
Connecticut, and after 1947, all came from East Hartford. The history 
of importations and recoveries of this species in southern New England 
have been 1 eported elsewhere (10). Apparently the oriental form was 
the successful one at Taunton and inasmuch as releases in Connecticut 
were mostly from domestic sources, it is probable that all releases in 
Iowa were d.escendents of the oriental form. 
This species was available for colonization in greater numbers than 
all others combined and the 732,139 adults made up nearly 87 per 
cent of the total parasites released in Iowa. Releases were made in 
163 locaiities in 83 counties as shown in Table 6. In 1944, 1945, and 1946, 
colonies were released in three localities in each of many eastern coun-
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ties, and at five localities in some of them. Releases were made in three 
successive years in many sites. After 1946, usually only one locality 
in a county was colonized. The location of all releases are shown in 
Figure 3. Group releases, i.e., more than one colony in close proximity 
to one another, were made in Sweetland Township, Muscatine County, 
in 1948; Harrison Township, Harrison County, Britt, Hancock County, 
and Liscomb, Marshall County, in 1949, and in the two latter townships 
in 1950. 
FIELD STATUS 
No collection of host larvae has been taken at the gifuensis release 
0 0 e .. .. 
h•O •<lO CU•Oo"° 
.. .. [I e 
.. 0 
0 0 .. 
0 0 .. .. 
.. e u1 .. u.ee .. e 
.. 
. ............ , g·"'"" ·g ....... , 
l--- -+-= - t=,,.--1g 0 Q Q Q 
0 
.. .. .. 
.. 
""" () 
0 00 ... 1;;0" .... iii' 
0 .. 
0 .. 
.. .. .. .. 0 ........ 
.. .. .. 
··~-... 
SINGLE COLONY RELEASE 
0 NO COLLECTION TAKEN 
0 
.. 
0 
.. .. 
<;>COLLECTION TAKEN, NOT RECOVERED 
e ESTABLISHMENT SHOWN 
()FAILED AFTER ESTABLISHMENT 
.. 
.. .. 
.. 
0 
0 0 
•o'(i•""• <;> 
<;> O <;> 
0 
t<lOl<U"o .... ~Q"(UO" 
.... 
QQ Q Q 
0 
0 0 0 
.. 
MULTIPLE COLONY RELEASE 
[I FAILED AFTER ESTABLISHME 
Im COLLECTION TA KEN, NOT RECOVERED 
FIG. 3. - Localities in Iowa where Macrocentrus gifuensis has been released and 
the recovery records obtained. 
localities in the 16 following counties: Appanoose, Buena Vista, Calhoun, 
Carroll, Cerro Gordo, Davis, Jefferson, Lucas, Madison, Mills, Monroe, 
Pocahontas, Van Buren, Wayne, Winnebago, and Worth. M. gifuensis 
was not r ecovered from collections taken at release localities in 48 
counties. It was recovered from summer collections in Bremer County 
and from collections of hibernating European corn borer larvae in the 
15 counties listed in Table 7, but subsequently was not recovered when 
re-sampling was carried out in the following counties: Black Hawk 
(1950 summer collections), Cedar (2 localities), Delaware, Dubuque 
(2 localities), Jackson (2 localities) , Jones, Linn, and Poweshiek. The 
repeated recoveries from Cox Creek and Read Townships, Clayton 
TABLE 6 
Macrocentrus gifucnsis ADULTS RELEASED IN IOWA TO DECEMBER 31 , 1951 
No. No. 
County Township released County Township released 
r ear-1944 1945 (Cont .) 
Cedar Dayton 4,046* Lee Jelferson 1,825* 
" Pioneer 1, 957• " Marion 1, 700* 
" Sugar Creek 3' 881 * " Montrose 1,825* 
Clinton Comanche 4 ,078* Linn College 1,975* 
" Eden 4 ,023* " Jackson 1, 850* 
" Orange 4,016* " Washington 1,900* 
" Welton 3,869* Muscatine Lake 2 ,202 
Des Moines Flint River 3,935* Scott Bulfalo 1,850* 
" Jackson 3,858 " Hickory Grove 1,900* 
" Washington 3 ' 871. " Lincoln 1,850 
Dubuque Table Mound 1, 921. Tama Indian Village 1,400* 
" White Water 1,795* " Otter Creek 1 , 100• 
H7~ry Canaan 2,024 " Perry 1,020 
Jackson 1,787* ·· - ---
" Wayne 1, 811 TOTAL 46 ,602 
Jac~,son Iowa 1 ,855 
South Fork 3,513* r ear-1946 
" Tete Des Morts 1,580 Benton Eldorado 1 ,825 
" Washington 1 , 925• " Fremont 1,790 
Joh~son Jelferson 1, 907* " Iowa 1 , 850 
West Lucas 3, 892* Black Hawk Barclay 1 ,928 
Jones Cass 3,952* " Big Creek 1, 772 
" Jackson 3, 966 " Cedar Falls 1, 724 
Lee Jelferson 3' 961 * Bremer Jackson 1,769 
" Montrose 1, 927* " Jelferson 1,934 
Linn College 3 ,932* " Sumner 1 ,832 
" Jackson , 1,694* Buchanan Fremont 1 , 796* 
Louisa Columbus City 3,896* " Hazelton 1,916* 
" Wapello 3,752* " Sumner 1 , 840* 
Muscatine Goshen 3 ,746* Cedar Fremont 1 , 508 
" Orono 3,962* " Pioneer 1,556* 
" Sweetland 5,955* " Sugar Creek 1, 884* 
Scott Bulfalo 3,982* Cl~yton Cass 1 ,858* 
" Hickory Grove 4,012* Cox Creek 1,704* 
" Winfield 6,020 " Read 1, 928* 
Was~,ington English River 1 ,909* Clinton Comanche 1, 527* 
Franklin 1,897* " Orange 1 , 688* 
" Oregon 2 ,008* " Walton 1,784* I Delaware Delaware 1, 700* 
TOTAL 122 ' 115 " Honey Creek 1 ' 740* 
----
" South Fork 1,788* 
Year- 7945 Des Moines Washington 1,880* 
Cedar Dayton 1,800* Dubuque Prairie Creek 1, 736* 
" Pioneer 1 , 975* " White Water 1, 775* 
" Sugar Creek 1 , 750* Fayette Jelferson 1, 838* 
Du~,uque Prairie Creek 1 ,950* " Union 1, 916* 
Table Mound 1,825* " West Field 1, 740*' 
" White Water 1, 850* Grundy Melrose 1,816*' 
Henry Marion 1 ,700* Hardin Pleasant 1,864*' 
Tac~~on Monmouth 1'900* H7~ry Jackson 1,875*' 
South Fork 1,850* Marion 1, 680* 
" Washington 1 , 900* " Scott 1, 845* 
Johnson Jelferson 1 , 905* Iowa Hartford 1, 724* 
" Liberty 1, 925* " Lenox 
I 
1, 910* 
" Oxford 1 ,875* " Tray 1, 805* 
I 
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TABLE 6 (Continued) 
No. No. 
County Township released County Township released 
·----- ------- -
rear- 1946 rear- 1947 
Jac~,son Monmouth 1, 920* Carroll Maple River 1,950 
South Fork 1,841* Cerro Gordo Lime Creek 1,980 
Ja~per Clear Creek 1,475* Clarke Osceola 1 , 905 
Malaka 1, 856. Clayton Cass 3,760* 
Jefi'erson Black Hawk 1,880* " Cox Creek 3,875* 
" Center 1,716* " Read 3,820* 
" Locust Grove 1, 724* Clinton Comanche 3,796* 
Johnson Jefi'erson 1,590* " Eden 3,929* 
" Liberty 1, 808* " Orange 3,738* 
" Oxford 1, 164* " Walton 3,848* 
Keokuk English River 1,912* Crawford Denison 1,973 
" Sigourney 1,804* Davis Cleveland 1, 720 
" Washington 1,884* " Lick Creek 1,750 
Lee Jefi'erson 1,775* " Prairie 1,800 
" Marion 1,825* Decatur Franklin 1,945 
" Montrose 1,795* Delaware Delaware 2,900* 
Linn College 1 , 668* " Honey Creek 3,380* 
" Jackson 1, 696* " South Fork 3,200* 
" Washington 1,804* Des Moines Benton 3,906 
Louisa Columbus City 1,804* " Flint River 3,855* 
" Wapello 3,744* " Washington 3' 955* 
Mahaska l'vfonroe 1,958 Du~,uque Prairie Creek 3,770* 
" Spring Creek 1, 945 Table Mound 1, 700* 
Marshall Eden 1,856* " White Water 3,670* 
" Liscomb 1,788* Emmet Twelve Mile Lake 1,953 
Muscatine Goshen 1,826* Fay,~tte Jefi'erson 3' 800* 
" Orono 1,806* Union 5' 600* 
" Sweetland 1,910* " West Field 3,400* 
Poweshiek Grant 1,362 Floyd Floyd 1,960 
" Sheridan 1,804 Franklin Marion 1.973 
" Warren 1,784 Greene Jackson 1; 969 
Scott Butler 1,600* Grundy Melrose 1,950* 
St?tY Lafayette 1,615 Guthrie Valley 1,808 
Nevada 1, 640* Hamilton Liberty 1,892 
" Washington 1,470* Hancock Britt 1 , 975* 
Tama Otter Creek 1,582* Hardin Pleasant 1, 925* 
WaP.ello Highland 1,656 Harrison Harrison 1,825* 
Pleasant 1,872 H~~ry Jackson 1, 730* 
" Washington 1,650 Marion 1,790* 
Washington English River 1,730* " Scott 1,690* 
" Franklin 1, 667* Howard Paris 1,980 
" Oregon 1,800* " Vernon Springs 1,980 
Humboldt Grove 1, 925 
TOTAL 143 ,051 Ida Corwin 1,865 
---- Iowa Hartford 1,925* 
r ear- 1947 " Lenox 1,930* 
Allamakee Franklin 1,790 " Tray 1,830* 
" Paint Creek 1,900 Jasper Clear Creek 1, 775* 
" Union Prairie 1 ,850 " Mal aka 1, 928. 
Appanoose Belair 1 ,925 Jefi'erson Black Hawk 1,780* 
Audubon Hamlin 1,853 " Center 1 ,820* 
Boone Des Moines 1,979 " Locust Grove 1,880* 
Buchanan Fremont 3 ,720* Johnson Liberty 1, 920* 
" Hazelton 3,640* " Oxford 3, 813* 
" Sumner 3,820* " West Lucas 3,780* 
Buena Vista Scott 1,932 Jones Cass 1, 911. 
Calhoun Union 1,870 1947 (Cont. next page) 
PARASITES' OF EUROPEA1N COR1N BORER 357 
TABLE 6 (Continued) 
No. No. 
County Township released County Township released 
-
1947 (Cont.) Year-·1948 
Keokuk English River 1,895* Dickinson Okoboji 1,960 
" Sigourney 1 ,765* Fremont Green 1 ,985 
" Washington 1, 800* Harrison Harrison 1,267* 
Kossuth Wesley 1,983 Lyon Rock 1,974 
Lee Jefferson 1'936* Marshall Liscomb 3,906* 
Loiusa Columbus City 3,775* Mills Center 1, 977 
Lucas Benton 1, 955 Muscatine Sweetland 23, 135* 
Madison Scott 1 ,985 Osceola East Holman 1, 984 
Mahaska Lincoln 1,900 
Marion Indiana 1,973 TOTAL 38' 188 
Marshall Eden 1,907 
" Liscomb 1, 960 rear- 1949 
Mitchell Burr Oak 1, 947 Hancock Britt 9,372* 
Monona Cooper 1,953 Harrison Harrison 27 ,847* 
Monroe Tray 1, 975 Marshall Liscomb 35,757* 
Palo Alto Emmetsburg 1,825 Ply~outh America 1,828 
Pocahontas Sherman 1,968 Elgin 4 , 194 
Sac Clinton 1,855 " Grant 1 ,911 
Scott J3utler 3,768* " Washington 1, 912 
" Hickory Grove : 3,735 ·-
Shelby Center 1,880 TOTAL 82,821 
St?tY Nevada 1,888* 
Washington 1, 925* Year-1950 
Tama Indian Village 1,913* Hancock Britt 11,121 
Union Jones 1 ,987 Marshall Liscomb 10,054 
Van Buren Des Moines 1,880 
" Farmington 1,870 TOTAL 21, 175 
" Van Buren 1 ,760 
I 
Wapello Highland 1 ,870* Year- 1951 I 
" Pleasant 1 ,810* Polk Saylor 21,167 
" Washington 1, 820* ------
Warren Lincoln 1,950 GRAND TOTAL 732,139 
Vv. as~.ington English River 1, 896* 
Franklin 1,915* 
" Oregon 1,590* 
Wavne Union 1,942 
Webster Lost Grove 1,855 
Winnebago Newton 1,975 
Winneshiek Canoe 1,970 
" Decorah 1,935 
" Lincoln 1,970 
Worth Lincoln 1 ;963 
Wright Lincoln 1,910 
TOTAL 257 ,020 
* Released here in more than one year. 
County, and Burr Oak Township, Mitchell County, indicate a permanent 
establishment in these localities. Collections of first brood corn borer 
larvae from IlOrtheastern Bremer County included three parasitized 
among eight borers from Sumner Township and fourteen parasitized 
among 247 l;orers from LeRoy Township. The parasite was released in 
LeRoy in 1947 and these recoveries indicated establishment and sur-
TABLE? 
THE STATUS OF Macrocentrus gifuensis WHEREVER IT HAS BEEN RECOVERED IN low A TO THE CLOSE OF 1950 
I Number of borers observed Percentage of borer parasitized 
. 1944 /1945 1946 1947 1948 1949 1950 ---i----County Township 1944 1945 1946 1947 1948 1949 1950 
--------------------------------- ---- - - ---
Black Hawk Cedar Falls 73 84 1861 2 .7 0 0 
Bremer Le,~oy 97 2681 0 5 .6 
16 0 
Sumner 81 * 37. 5 
Cedar Dayton 96 48 2 .1 * * 0 
Sugar Creek 440 4 42 0 .2* O* O* 
Clayton Cox Creek 48 48 54 46 O* 4.2* 5 .6 21 .7 
" Read 48 49 47 O* * 0 8.5 
Delaware South Fork 88 2 .3* * 
Dubuque Prairie Creek 52 92 * 3.8* O* 
Floyd Floyd 68 O* 
Hancock Britt 65 247 211 * 3.1 6 . 1 * O* 
Harrison Harrison 46 175 221 288 O* O* 0.2 O* 
Jac~,son Monmouth 44 42 44 * O* 2.4 0 
South Fork 524 * * 0.2 
Jones Jackson 450 487 457 3.3* 0 0 
Linn Jackson 131 45 * * 2.3* 0 ...... 
Lyon Rock 36 51 .. .. .. . . . . . . O* 3.9 
Mitchell Burr Oak 35 189 2. 9* 6 .9 
Muscatine Sweetland 443 230 258 215 228 210 162 0.2* 0 0.4* 0 1.8* 1.0 0 
Wilton 261 248 247 222 229 220 208 0 0 0 0 0 .9 0.4 0 
Poweshiek Sheridan 27 216 22 . 2* ... .. . 0 
*Released here this year. 
1 This is a first brood collection, all others were hibernating borers. 
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vival for three years but no gifuensis was recovered from 16 hibernat-
ing borers taken from LeRoy in the fall of 1950. The Hancock County 
recovery in 1948 showed survival for one year and in this locality releases 
were made again in 1949 and 1950 to test the procedure of continuing 
releases to insure a population of adults sufficiently high that mating 
would be accomplished. No M. gifuensis was recovered from 211 borers 
taken from Hancock County in the fall of 1950. In contrast to the pro-
cedure in Hancock, releases were discontinued when initial establish-
ment was shown in Harrison and Muscatine. Initial establishment was 
obtained in Muscatine from 1944, 1946, and 1948 releases, but survival 
for one year was shown only in 1949 when it was also shown in Lyon 
County. No M. gifuensis was recovered among 1950 fall collections of 
284 borers in Harrison County and 452 borers in Muscatine County. 
The southernmost recovery of gifuensis in the state was in Musca-
tine County and the only counties where it has persisted or shown 
evidence of permanent establishment are in the northern half of the 
state. This species has not demonstrated that it can survive in Iowa. 
Horogenes punctorius 
COLONIZATION 
The biology and seasonal history of H. punctorius have been discussed 
in considerable detail elsewhere (10). Nearly all of the adults for 
colonization in Iowa were produced from borers collected at East Hart-
ford, Connecticut, although a few of them came from Taunton, Massa-
chusetts, in 1944, 1945, 1946, and 194 7, and after 194 7 a few came from 
Burlington, New Jersey. 
This parasite was available for colonization in much smaller numbers 
than either of the two species previously discussed and only 17 ,116 
were released in Iowa. They were more numerous in the earlier years 
of the program and most were released in eastern counties as shown 
in Figure 4 and Table 8. Releases were made in 29 townships in 21 
counties. 
FIELD STATUS 
Horogenes punctorius was not recovered from collections taken in 
15 localities where it was released in Hancock, Harrison, Henry, 
Iowa, Jackson (two townships) , Johnson, Jones, Mahaska, Marshall, 
Scott (two townships), Story, Tama, and Washington Counties. Appar-
ently it failed to survive after becoming established in Cedar and Clin-
ton Counties as shown in Table 9. The recovery records indicate its per-
manent establishment in the southwestern part of Benton County 
where it has persisted for four years and has shown evidence of dis-
persion and satisfactory percentages of parasitization. Hibernating 
corn borer larvae, collected from the vicinity of Belle Plaine in the 
fall of 1950, were dissected in the laboratory and first stage punctorius 
larvae were found in about 10 per cent of them. In other Benton County 
collections, two punctorius were reared from 28 Kane Township 
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borers and none from 21 borers taken in Iowa To~nship. Recoveries 
from Dubuque County give evidence of a permanent establishment 
there and the recovery from Richland Township, Jones County, in 
1948 indicated that dispersion from Dubuque County had occurred but 
none was found in Richland in 1949. Washington Township, where it 
was recovered in 1946, adjoins Iowa Township where it was released 
in Jackson County in 1944, but no later records are available from that 
vicinity. 
No collections to determine the status of the species were taken in 
• 
0 
0 
SINGLE COLONY RELEASE 
0 NO COLLECTION TAKEN 
e COLLECTION TAKEN, NOT RECOVERED 
C) FAILED AFTER ESTABLISHMENT 
e PERSISTED ~FTER ESTABLISHMENT 
FIG. 4. - Localities in Iowa where Horogenes punctorius has been released and the 
recovery records obtained. 
the three release localities in Johnson, Scott, and Wapello Counties. 
Horogenes was released in Sweetland Township in 1944, 1945, and 1946 
and in 1945 in Lake Township, Muscatine County. Initial establishment 
was shown in Sweetland by a recovery in 1945 but none was taken in 
annual collections in these localities until the fall of 1950 when it 
was recovered in both of them. 
Sympiesis viridula 
COLONIZATION 
This species was obtained from Canada in 1945, 1946, 1947, and 
1948 and was released in one township in each of eight counties as 
shown in Table 10 and Figure 5. Only one liberation was made at each 
site, except in Muscatine County where it was released both in 1945 
and 1946. 
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FIELD STATUS 
The first recovery of S . viridula in Iowa was made in 1948 when 
it was taken in 16 townships in 10 counties as shown in Table 11. In 
1949, it was recovered in four additional townships including two new 
counties and it was taken in fourteen counties and twenty-five town-
TABLE 8 
Horogenes punclorius ADULTS RELEASED IN IowA TO DECEMBER 31, 1951 
No. I No. 
County Township released County Township released 
Year-1944 Year- 1947 
Cedar Sugar Creek 
I 
464* Allamakee Franklin 470 
Clinton Comanche 458 Harrison Harrison 497* 
Dubuque White Water 283* Iowa Lenox 485 
Jackson Iowa 313 Mahaska Lincoln 475 
Jones Jackson 380* Wapello Washington 494 
Muscatine Sweetland 371* Washington Oregon 485* 
Scott Buffalo 385 
" Hickory Grove 479 TOTAL 2,906 
TOTAL 3, 1331 Year- 1948 
I Harrison Harrison 500* 
Year- 1945 Marshall Liscomb 356 
Cedar Sugar Creek 481* ----
Clinton Eden 497 TOTAL 856 
H enry Marion 497 
Jackson South Fork 495 Year- 1949 
Johnson W est Lucas 462 Hancock Britt 340 
Jones Jackson 487* Harrison Harrison 577* 
Muscatine Lake 264 
" Sweetland 499* TOTAL 917 
Scott Lincoln 493 
Tama Indian Village 440 Year- 1950 
Washington Oregon 495* Harrison Harrison 485 
-----
TOTAL 5' 110 Year- 1951 
Polk Saylor 642 
Year- 1946 
Benton Iowa 493 GRAND TOTAL - 17,116 
Dubuque White Water 476 
Jackson Monmouth 481 
Johnson Liberty 482 
.Jones Cass 459 · 
Muscatine Sweetland 480* I 
Story L'lfayette 196 
----~~-~--
TOTAL 3 , 067 1 
--
* R eleased here in more than one year. 
ships in 1950. The extensive dispersion and low percentages of para-
sitization within the relatively short period of time elapsed since it 
was first released in the state emphasize the observation of Baker, 
et al., (10) who wrote: "Thus, unlike other corn borer parasites, which 
build up to considerable concentrations in the immediate vicinity of the 
re~ease point and spread slowly outward, it has been shown that 
\ 
TABLE9 
THE STATUS OF Horogenes punctorins, WHEREVER IT HAS BEEN RECOVERED IN low A TO THE CLOSE OF 1950 
County 
Benton 
Cedar 
Clinton 
Dubuque 
Jackson 
Jo~es 
Muscatine 
Township 
Iowa ..... .. . . 
Kane .......... . 
Sugar Creek .... . 
Comanche ...... . 
Eden . .. ....... . 
White Water ... . 
Washington ..... . 
Jackson ..... . 
Richland . . ..... . 
Bloomington .... . 
Sweetland ...... . 
Number of borers observed 
----i---1944 1945 1946 1947 1948 1949 1950 
------~--------
. . . . . . . . . . . . 12 . . . . . . 57 94 21 
68 87 28 
440 4 42 
434 37 47 87 40 l 33 95 91 51 110 56 46 
.... ... ..... 96 
450 487 457 
49 48 
229 222 245 227 247 245 208 
443 230 258 215 228 210 162 
* Released here in more than one year. 
Percentage of borers parasitized 
-i------1944 1945 1946 1947 1948 1949 1950 
------r-----------------
. . . . . . . . . . . . 8.3* ...... 12.3 5.3 0 
.. .... . . 5.9 8.0 7.1 
0.2* O* 0 
0.5* 0 0 1.1 0 
3.0* 0 0 
* O* 0.9 3 .6 10 .9 
2.1 
0.2* O* 0.2 
4 0 
0 0 0 0 0 0 0.5 
O* 0 .4* O* 0 0 0 1.8 
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Sympiesis viridula is capable of rapidly extending its range without 
greatly increasing in abundance in any locality." The Boone and Ham-
ilton County recovery points are more than 100 miles from the nearest 
release points. 
The highest percentage of borers observed parasitized by Sympiesis 
in 1948 was 3.5 in Iowa Township, Benton County, and Concord Town-
ship, Dubuque County, among 57 borers each. In 1949, the highest 
parasitization was 2.4 per cent of 42 borers in Prairie Township, Delaware 
County. Higher percentages were found in the fall of 1950 including 
14.3 of 21 borers and 21.4 of 28 borers in Kane and Iowa Townships, 
+ 
SINGLE COLONY RELEASE 
+ 
+ 
Q COLLECTION TAKEN, NOT RECOVERED 
+ 
+ 
+ 
+ 
+ 
+ 
... 
+ 
e ESTABLISHMENT SHOWN + RECOVERED WHERE NOT RELEASED 
FIG. 5. - Localities in Iowa where Sympiesis viridula has been released and where 
it has been recovered. 
Benton County; 5.0 of 20 borers in Warren Township, Bremer County; 
13.3 of 165 borers and 8.8 of 57 borers in Felix and Melrose Townships, 
Grundy County; 6.4 of 211 borers in Britt Township, Hancock County; 
and 16.0 of 75 borers in Liscomb Township, Marshall County. 
Chelonus annulipes 
COLONIZATION 
Relatively few adults of this species were available from field-
collected borers for release in the years 1944 through 1948, but in 1949 
and 1950 greater numbers became available through a laboratory breed-
ing program. Sixteen thousand four hundred sixty were released in 
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eleven localities as shown in Table 12. Grouped releases were made m 
Harrison County in 1949 and 1950 and in Marshall County in 1950. 
FIELD STATUS 
Chelonus annulipes is not known to be established in Iowa. The 
only recovery ever made in the state was in Comanche Township, 
Clinton County, in 1944, but it was not found in collections taken there 
in each of the next three years and in 1949. 
Phaeogenes nigridens 
This species was released in Sweetland Township, Muscatine County, 
in the sum.mer of 1945 when 500 adults were obtained from eastern 
Massachusetts. Extensive observations on the host in this study area 
TABLElO 
*Sympiesis viridula ADULTS RELEASED IN IowA TO DECEMBER 31, 1951 
No. No. 
County Township released County Township released 
rear- 1945 rear- 1947 
Clinton Comanche 1 , 976 Allamakee Franklin 1,990 
Des Moines Flint River 1 , 616 Dubuque White Water 1,979 
Muscatine Sweetland 1 , 944* 
--- TOTAL 3 , 969 
TOTAL 5 , 536 
rear- 1948 
r ear- 1946 Harrison Harrison 2,000 
Linn Marion 3,050 Plymouth Elgin 1,997 
Muscatine Sweetland 1 , 934* 
--- TOTAL 3,997 
TOTAL 4 , 984 
GRAND TOTAL 18 , 486 
*Released here in more than one year . 
(Area K) showed no P. nigridens present, and collections of pupae from 
overwintered larvae in the spring of 1947, 1948, and 1949 produced none. 
Campoplex alkae 
Foreign importations of C. alkae provided 279 adults for release in 
Liscomb Township, Marshall County, in 1950 and 719 released in Say-
lor Township, Polk County, in 1951. This species overwinters in the 
cocoon stage (4, 36) and no cocoons were found in the fall of 1950. 
Microgaster tibialis 
Cocoons of M. tibialis were imported and provided 33 adults for re-
lease in Liscomb Township, Marshall County, in 1950, but no cocoons 
were found there in the fall of 1950. In 1951, 1,044 adults were released 
in Saylor Township, Polk County. 
PARASITES OF EUROPE~N CORN BORER 365 
TABLE 11 
RECOVE RIES OF Sympiesis viridu/a IN low A TO THE CLOSE OF 19 50 
Number of borers Percentage of borers 
observed: parasi tized 
County Township 1948 1949 1950 1948 1949 1950 
Allamakee Post 143 32 . . . .... 0 0 1 
Audubon Greeley 0 0 5 ........ . . . . . . . . 20 .0 
Benton Iowa 57 94 21 3.5 0 14 . 3 
" Kane 68 87 28 0 0 21.4 
Boone Grant 0 0 11 . . . . . . . . . . . . . . . 9 . 1 
" Jackson 0 12 11 . ..... . . 0 9 . 1 
" Harrison 0 544 218 . ....... 0 0 . 4 
Bremer Warren 0 0 20 . . . . . . . . . . . .. ... 5 .0 
Chickasaw Chickasaw 0 0 . . . . . . . . . . . . . .. .... .... 1 
Clayton Elk 54 48 0 0 2.1 . . . . . . . . 
Clinton Brookfield 64 22 0 3.1 0 ... . . ... 
" Deep Creek 49 41 0 2.0 0 ...... . . 
" Eden 91 0 0 1 . 1 . . . . . . . . .. . .. . .. 
" Waterford 63 49 0 1 .6 0 ........ 
Crawford Iowa 0 0 11 . . . . . ... . . . . . . . . 9 . 1 
Delaware Prairie 46 42 0 0 2 .4 . . . ... .. 
Des Moines Franklin 54 46 0 1 .9 0 . ....... 
Du~,uque Concord 57 50 0 3.5 0 . . . ..... 
Table Mound 58 52 0 1 .7 0 ...... 
" White Water 56 46 0 1.8 0 .... . . . . 
Greene .Junction 0 20 11 . ...... . 0 9 . 1 
Grundy Felix 0 0 165 . ....... . . . . . . . . 13.3 
" M elrose 0 0 57 . . . ..... 8.8 . . . . . . . . 
Guthrie Beaver 0 45 3 ........ 0 33.3 
Hamilton Clear Lake 0 49 17 ...... 0 11.8 
" Marion 0 0 12 . . . .... . 8.3 . . . . . . . . 
Hancock Britt 65 247 211 0 0 6.6 
H enry Center 57 47 2 0 2.1 0 
" Wayne 56 52 159 1 .8 0 0 
Jackson M onmouth 44 0 0 2 .3 . . . . . . . . . . . . . ... 
Jones Rome 53 0 0 1. 9 . . . . . . . . . . . . .... 
Louisa Concord 50 34 0 2.0 0 .. . ... 
" J e fferson 57 0 0 1.8 . . .. .. . . . . . . . . . . 
Marshall Liscomb 159 88 75 0 1.1 16 .0 
Mitchell Mitchell 0 0 . . . . . . . . . . . . . .. ........ 1 
Muscatine Bloomington 247 245 208 0 0 2.9 
" Lake 366 398 293 0 0 2.4 
" Sweetland 228 210 162 0 0 3.1 
" Wilton 229 220 208 0 0 4.8 
Plymouth Elgin 105 232 0 1 .0 0 ........ 
Polk Crocker 0 0 . . . . . . . . ........ . . . . . . . . 1 
" Saylor 0 0 1 . . . . . . . . . . . . . . . . . . . .... . 
Poweshiek Sheridan 216 0 0 0 .9 . . . . . . . . . . ...... 
Story Franklin 0 80 6 ........ 0 16.7 
" Lafayette 0 40 1 0 100.0 I . . . . . . . . 
1 Taken in the fall, the number of borers observed is not known. 
Apanteles thompsoni 
Apanteles thompsoni adults were reared at Moorestown in 1951 from 
imported borers, and 691 adult females were released in Saylor Town-
ship, Polk County. 
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NATIVE PARASITES TAKEN ON THE EUROPEAN CORN BORER 
In studies by the senior author on the native parasites found attack-
ing the European corn borer and the two closely related species, Pyrausta 
ainsliei (Heinrich) and P. penitalis (Grote), in Iowa a total of 5,205 
borer larvae and pupae were collected, and nearly all reared in the lab-
oratory. The number collected in each county or group of counties is 
shown in Figure 6. Many additional borers in all stages of development 
were observed in the field. Although unparasitized individuals were not 
definitely identified, well over 4,000 were undoubtedly nubilalis, and not 
TABLE 12 
Che/onus annulipes ADULTS RELEASED IN lowA TO DECEMBER 31, 1951 
No. No. 
County Township released County Township released 
rear- 7944 r ear- 7948 
Clinton Comanche 490 Harrison Harrison 120* 
Marshall Liscomb 15* 
r ear- 7945 - -
Jones Jackson 499 TOTAL 135 
Muscatine Fruitland 
I 
499 
Scott Lincoln 496 r ear--7949 
Harrison Harrison 2, 563* 
TOTAL 1,494 
rear-7950 
rear- 7946 Harrison Harrison 4, 182* 
Linn Marion 265 Marshall Liscomb 3' 289* 
Muscatine Sweetland 261 ~---
TOTAL 7,471 
TOTAL 526 
I -1 
r ear- 7957 
rear- 1947 Polk Saylor 2 , 309 
Du~~que Prairie Creek 490 
White Water 490 GRAND TOTAL 16,460 
Harrison H arrison 492* 
- -
TOTAL 1,472 
* Released here in more than one year. 
more than 225 were P. ainsliei (the smartweed borer). Only a limited 
number of P. penitalis (the lotus borer) were observed. 
As shown in Table 13, a total of 230 borer larvae or pupae were 
found parasitized. Among the six species parasitic on the European corn 
borer, Pyraustomyia penitalis (Coq.) was predominant, but parasiti-
zation by this native fly was less than 2.0 per cent of the corn borers 
observed. P. penitalis parasitized a higher percentage of borers than the 
other native species combined in each of the six years from 1945 through 
1950, (Table 14) but only in 1945 with 2.7 per cent, did it exceed 0.5 per 
cent. 
The evidence so far obtained indicates that no native species is 
adapting itself to sustained attack on the European corn borer, except 
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possibly Melanichneuman rubicundus (Cress.) which has been reared 
from most of the collections of pupae. 
Pyraustomyia penitalis (Coq.) 
Allen (1), in describing the habits of this fly as parasitizing the 
smartweed borer, stated that eggs are laid near the entrance hole of 
the host on smartweed plants and always on infested nodes. The larvae 
emerge immediately and wander about, frequently raising their head 
and waving it about until the entrance hole is found. The tunnel is en-
tered and the host parasitized within a few hours after oviposition. 
8 115 139 zss 
FIG. 6. - Number of borer larvae and pupae collected for observation and rearing 
of native parasites, 1944-1947. 
Ainslie and Cartwright (2) stated that fly and host moth emergence 
coincided closely in Tennessee, and there were two generations a year. 
In the Iowa studies this internal solitary parasite was by far the most 
common of the native parasites found attacking the European corn borer 
and the smartweed borer as shown in Table 15. In 1944 in Comanche 
Township, Clinton County, a collection of 200 larvae from corn yielded 
57 parasitized smartweed borers and three parasitized corn borers. Thus 
the smartweed borers were 28.9 per cent parasitized at the very least. 
Most of the specimens of this parasite collected elsewhere were from 
the European corn borer. Although the species is widespread over east-
central Iowa, 129 of 197 specimens reared were from Clinton County, 
due to the fact that most of the smartweed borers were collected there. 
Parasite pupation and emergence in the field coincided closely with 
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that of the European corn borer, as shown in Figure 6, and with that of 
tlfe smartweed borer. The only rearings of the parasite from summer 
brood European corn borers were one each from Boone and Henry 
TABLE 13 
NUMBER OF HOSTS PARASITIZED BY NATIVE PARASITES IN IowA, 1944-19471 
Number of hosts parasitized: 
------ Per cent of 
P. P. P. total native 
Parasites nubilalis ainsliei penitalis P. sp. Total parasites 
Pyraustom_yia penitalis .. . . . •.. 68 112 . . . . . . . . . 17 197 85.6 
Aplomya caesar . ...... . . ... 4 1 5 2.2 
Microbracon caulicola . ....... 2 1 2 1 6 2 . 6 
Bassus agilis . ........ . ... . 1 1 ..... . ... 1 3 1. 3 
Meteorus loxostege . ...... . .. . . . . . . . . . ......... 2 2 0.9 
M elanichneumon rnbicundus . ... 13 . . . . . . . . . . . . . . . . . . 2 15 6.5 
Gambrus ultimus . .......... 1 . . . . . . . . . . . . . . . . . . 1 2 0.9 
Cremastus minor (Cush.) . . ... 1 ......... . . . . . . . . . ........ . . 
-----------
TOTAL ............. 90 115 2 24 230 100 .0 
1 Excluding cooperative recoveries from P. nubilalis. 
Counties in the summer of 1950 while all other summer brood rearings 
were from the smartweed borer. 
The average length of the pupal period of 110 individuals was 12 
days under laboratory rearing conditions (temperature 80° F .). Variation 
in the length of the pupal period is shown in Figure 7. 
In this study never more than one parasite emerged from a host. 
TABLE14 
PARASITIZATION OF HrnERNATING EUROPEAN CORN BORER LARVAE BY NATIVE PARASITES 
Percentage parasitized by: 
Number of Pyraustomyia All native 
Year borers observed penitalis Other species parasiteio 
1945 ... .. ........ 1 , 851 2.7 0 . 2 2.9 
1946 .... .. .... .. . 6,430 0 . 5 71 0.6 
1947 ...... . . ..... 2,572 0.3 T 0.4 
1948 ... ...... .... 6 ,384 0 . 3 T 0.4 
1949 ............. 7 ,596 0.2 0 .1 0.3 
1950 ...... ....... 9 , 627 T T 0.1 
1 T shows that less than 0. 1 per cent was parasitized. 
The hyperparasite Eupteromalus viridescens (Walsh.) was reared 
from five pupae of Pyraustomyia penitalis from P. ainsliei taken in Clin-
ton County in 1944. Decker (18), reported rearing E. cavus (Ash) 
(dubius) at Ames from this parasite. 
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During the period from the fall of 1944 through the summer of 1950, 
Pyraustomyia penitalis was reared from the European corn borer from 
32 Iowa counties as shown in Table 15 and Figure 8. 
June July 1-12 
1944 Clinton County 
Parasite pupation 
1945 Clinton, Jackeon, Jonee, and Soott Countiee 
1947 Bleck Hewk and Benton Countiee 
Par. pupation I 
FIG. 7. - Pupation and emergence of the European corn borer and Pyraustomyia 
penitalis in the field (overwintering generation). 
Aplomya caesar (Ald.) 
Baker, et al. (10) report this fly was recovered in greater numbers 
370 BLICKENSITMF, ARBUTHNOT, AND HARRIS 
from the European corn borer than any other native parasite, except 
Trichogramma minutum Riley. However, in Iowa it was taken less fre-
quently than some other species, and it was recovered from six counties 
(shown in Figure 9) as follows: Cedar, 1944; Clayton, 1948; Fayette, 
1944; Iowa, 1946; Jackson, 1945; Jones, 1944 and 1945. One recovery was 
made from the smartweed borer in Clinton County in 1944. 
Microbracon caulicola Gahan 
This braconid species was found only as pupae in clusters near 
the host remains. No specimens were reared from larvae under labora-
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FIG. 8. __:. Length of the pupal periods of 110 individuals of Pyraustomyia penitalis 
reared under laboratory conditions, winter of 1944-1945. 
tory conditions. Six hosts were found parasitized by this species in Clinton 
and Iowa Counties (Table 16). The average number of individuals 
per host was 5.8. 
There are at least six reports in the literature concerning the 
presence of this species in Iowa. Ressler (34) referred to the parasiti-
zation of fully 50 per cent of the larvae of Pyrausta ainsliei which he 
collected and reared in 1920. He said that each host had four to eight 
parasite larvae on it. (He placed the parasite in the genus Aleiodes). Todd 
(37) found this species parasitizing Epiblema otiosana (Clem.). Drake 
and Decker (23) wrote that those reared by Todd were collected at 
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Little Wall Lake (Hamilton County) during the summer of 1926. Hen-
drickson (32) obtained one adult specimen by sweeping prairie plants 
at Kelso, July 30, 1928. Decker (18) reported it was one of the most com-
mon parasites of the smartweed borer, and that it seldom attacked borers 
TABLE1 5 
Pyraustom_yia penitalis R EARI NGS FROM THE EUR OPEAN CORN B O RE R I N low A 
County Year R ecovered Coun ty 
Audubon ... . 1947 H enry . . . . . .. . 
Benton ..... 1944, 1947 Iowa . . ..... .. 
Black H awk . 1944, 1946 Jackson ....... 
Boone .. .. .. 1950* J ohnson . . . ... . 
Brem er .. . .. 1947 J ones ...... . .. 
Cedar . .. .. . 1944, 1945 Lee .... . . ... . 
C linton ... . . 1944, 1945, 1947, 1948 Linn ... . .... . 
Clayton . . ... 1948, 1949 Louisa . . . . ... . 
Delaware ... 1944 M ahaska .. . . . . 
D es M oines .. 1945 M arshall .... .. . 
D ubuq ue . . . . 1944, 1946, 1947' 1948 , 1949 M onona ... . . ... 
Fayette . .. . . 1944 M uscatine . ... . 
F remont . . .. 1949 Poweshiek ..... 
Grundy .. . . . 1946 Tama .... . .. .. 
H ardin . ... . 1946 U nion .. ... . .. 
H arrison . . .. 1948 Washington .. .. 
* R eared from the overwintered a nd summer brood. 
* * R eared from the summer brood. 
Year Recovered 
1946 , 1949, 1950** 
1946 
1944 
1946 
1944 , 1945, 1946, 1948 
1944 
1944 , 1946, 1948 
1948 , 1949 
1948 , 1949 
1946, 1947, 1948 
1949 
1944, 1945, 1946, 1947 
1945 , 1946, 1948 
1945 
1949 
1944 , 1946 
in plants other than in smartweed. However, he found two larvae of 
Papaipema nebris and four larvae of E. otiosana parasitized by this 
species. Baker, et al. (10) reported that this species was found attacking 
European corn borer more often in smartweed than in corn. 
The above records indicate that Microbracon caulicola is an external, 
gregarious parasite of host larvae. It overwinters in the pupal stage. 
TABLE 16 
COLLECTION AND EMERGENCE R ECORDS OF Microbracon caulicola 
County I Date of adult Number per Collection date of pupae emergence host H ost 
Clinton 
M ay 29, 1944 June 8 and 9 7 Pyra~:ta sp. 
M ay 30, 1944 June 7 5 nubilalis 
"Summer" 1944 1 " ainsliei .. . . . .. . ... . .. . 
May 30, 1945 June 12 2 " nubilalis 
Iowa 
Aug. 28, 1947 Sept. 5 15 " penita/is 
Aug. 28, 1947 Sept. 5 5 " penitalis 
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Meteorus Loxostege Vier. 
One collection of this braconid was made from Pyrausta sp. in 
Lenox Township, Iowa County, where one adult and three pupae were 
found in borer tunnels in corn on June 11, 1947, and adults emerged 
from the pupae on June 16. A specimen of Meteorus, too malformed 
for specific identification, was reared from a hibernating European corn 
borer larva collected from Liscomb Township, Marshall County, in the 
fall of 1947. No additional recovery was made until 1949 when collections 
resulted in specimens from Delaware, Dubuque, Hancock, Osceola, 
Webster, and Woodbury Counties. It was recovered also from spring col-
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FIG. 9. - The counties in Iowa from which four native species of parasites have been 
reared from the European corn borer. 
lections of the same brood from Boone and Clay Counties and from 
summer brood collections in 1950 from Bremer and Clay Counties. The 
county recoveries are shown in Figure 9. 
When rec;trings from European corn borer larvae were made in the 
laboratory in the spring and summer of 1950 it was noted that the host 
did not always die immediately after the parasite larvae issued from it 
but sometimes crawled about for several hours. 
Bassus agilis Cress. 
Two specimens of this ichneumonid were taken in Clinton County, 
one as a pupa from Pyrausta sp. on June 2, 1944 (emerged on June 5). 
The other one was collected as a larva from a borer tunnel in a smart-
PARASITES. OF EUROPEAN CORN BORER 373 
weed plant on November 4, 1947. It pupated during cold storage and 
emerged in the laboratory on February 19, 1948. 
Recoveries from the European corn borer included one reared from 
an overwintered larvae from Keokuk County taken on May 16, 1947 
(the adult emerged on June 27) and two recoveries from fall collected 
hibernating larvae, one from Muscatine County, 1945, and one from 
Keokuk, 1947. 
These records show that the species may overwinter either in the 
host larvae or in the pupal stage. 
One adult was taken while sweeping prairie plants in Story County, 
August 4, 1927 (32). 
Gambrus ultimus (Cress.) 
Four specimens of this ichneumonid were collected in Clinton 
County in the field as pupae which had issued from the host. Three taken 
from June 1 to June 6 on Pyrausta nubilalis and P. sp. , emerged from 
June 4 to June 12, 1944. The other one, taken on P. nubilalis on June 6, 
1945, emerged on June 16. 
This species is reported to be a primary parasite on the European 
corn borer and a hyperparasite on Horogenes punctorius in New England 
(10) Hendrickson (31) reported the collection of an adult (Hoplocryptus 
incertulus) 2.5 miles south of Ames, Story County, on May 12, 1926. 
Cremastus minor (Cush.) 
This ichneumonid was reared from one of a collection of 48 hiber-
nating European corn borer larvae taken in Orono Township, Muscatine 
County, in the fall of 1946. 
Melanichneumon rubicundus (Cress.) 
This ichneumonid was reared only from the European corn borer in 
these studies. It was recovered from Clinton County from Spring col-
lected pupae of overwintered borers in 1944 when two parasites emerged 
on June 18 and 22, and in 1945 when five parasites emerged from June 
21 to 27. Host pupae collected from Black Hawk, Iowa, and Keokuk 
Counties from June 13 to 20, 1945, produced six parasites which emerged 
from June 30 to July 5. 
Collections of pupae from overwintered larvae were taken in study 
ar ea K , Muscatine County, in 1947, 1948, and 1949 and the data from 
them are given in Table 17. M. rubicundus was reared from 4.0, 6.7, and 
3.1 per cent of the hosts in the three years, respectively. 
Pupae were collected from several localities throughout the state 
in the spring of 1950, and some pupae of the summer brood were collected, 
Spring collected pupae produced this parasite from six counties and it 
was recovered in the summer (pupae) from two counties. The counties 
from which it has been recovered are listed in Table 18, and the distribu-
tion in the counties is shown in Figure 9. 
Among all recoveries in Iowa, M. rubicundus was reared only from 
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host pupae collected in the field, and the writers believe it is a true pupal 
parasite and that the adults attack the European corn borer during the 
latter part of the host's normal pupation period. 
Hendrickson (32) collected an adult on May 2, 1928, 2.5 miles north 
of Ames in Story County. 
Eupteromalus tachinae Gahan 
Thirty-two specimens of this chalcid were reared from a pupa of 
TABLE17 
M elanichneumon rubicundus REARED FROM SPRING COLLECTIONS AND EUROPEAN CORN BORER 
PUPAE TAKEN IN AREA K, MuscATINE COUNTY, low A 
Number of host pupae collected 
Date collected 1947 
May 13 .. ... ... ....... . ... . 
16 . ..... .. ... . . . .. .. . . 
20 ..... . . . . . 1 
23. ......... 4 
26 .......... . ... .. .. . . 
27 . . .. ..... . 4 
29 . .. .... .. . 3 
31 . . . .... .... ... ..... . 
.June 1 ........... . ....... . 
2 . . . . ...... 16 
3 .......... . .... . ... . 
5.......... 23 
7 . ..... . ...... . .. . .. . 
8 .. ... .. .. ....... ... . 
10 .. .. ... ..... .. .. ... . 
11.... ... . .. 38 
13.. ...... . . 40 
15 ... . ...... .... .... . . 
16 ..... . .... 40 
17 . . . . . .............. . 
20 .. . ....... 25 
22 . .. .. .... ..... . .... . 
23. ......... 18 
25 ... .. .. ... .. . ...... . 
26 .... " . . . . 12 
1948 
18 
24 
15 
17 
6 
12 
9 
3 
1949 
2 
5 
14 
19 
16 
27 
26 
15 
5 
Number of parasites reared 
1947 
2 
2 
2 
2 
1948 1949 
2 
4 
2 
~~~~~~-1~~~~1~~~-1~~~~1~~~~-1------~~--~-
TOTAL 224 104 129 9 7 4 
Per cent parasitized ........ . ..... . . . .... ..... . . . . 4.0 6.7 3.1 
an overwintered European corn borer larvae in the spring of 1950. A. B. 
Gahan who made the determination comments, "I think it probable these 
(E. tachinae) were parasitic on a tachinid in the borer pupae." 
Eupteromalus dubius (Ash.) 
This chalcid was reared only from L. stabulans grisescens parasitic 
on Pyrausta nubilalis and Pyrausta sp. Nine rearings were made, six 
from borers collected in the fall of 1947 in Clayton, Clinton, and Dubuque 
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Counties, and three from Lydella pupae collected November 11, 1947, in 
Clinton County. The average number of individuals which emerged per 
host was 7.66. 
Decker (17, 18) reported rearing it from the pupae of Lydella nigrita 
( radicis) and said that it was present in every large field collection. He 
also stated, "at Ames, this secondary parasite was reared in large num-
bers from Pyraustomyia penitalis," being, "especially prevalent in the 
puparia of the overwintering or spring brood." 
Eupteromalus viridescens (Walsh) 
This chalcid was reared from pupae of Pyraustomyia penitalis, the 
larvae of which had emerged from Pyrausta ainsliei but none was taken 
from P. penitalis which had developed on the European corn borer. 
Emergence from five host pupae collected in Comanche Township, 
TABLE 18 
Melanichneumon rubicundus R ECOVER Y R ECORDS FROM THE EUROPEAN COR N B ORER I N I OWA 
County Year recovered County Year recovered 
Black H awk 1945* Iowa 1945* 
Boone 1950t Keokuk 1945* 
Bremer 1950* M ontgomery 1950 * 
Clay 1950 j: Muscatine 1947*' 1948*' 1949* 
Clinton 1944, 1945* Pottawattamie 1950* 
H enry 1950* W ebster 1950* 
* Reared from spring collected pupae from overwin tered borers. 
t R eared from spring collected pupae from overwintered borers and from the summer 
brood . 
j: R eared from the summer brood. 
Clinton County, on June 15, 1944, occurred on June 18, July 2, and 
July 3. The average number of individuals per host was 17.66. 
Decker (18) reported rearing it from overwintering cocoons of 
Microbracon caulicola and Microplitis gortynae Riley, and during the 
summer months from cocoons of M. gortynae, Macrocentrus pollisteri 
Degant, Apanteles papaipemae and M. caulicola, all of which are primary 
parasites of lepidopterous stalk borers in Iowa. 
SPECIES RECORDED FROM IOWA TAKEN ELSEWHERE ON THE 
EUROPEAN CORN BORER 
Eleven species of parasites reported in the literature as attacking the 
European corn borer have been taken in Iowa but not in this particular 
host. 
Lixophaga variabilis (Coq.) 
Decker (17) , in his studies of Papaipema nebris (Guen.) reported 
rearing the larvaevorid Lixophaga variabilis and, in 1935, (18) he re-
ported it from three different stalk borers in Iowa. The species has been 
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reported from plants infested by the European corn borer in Connecticut 
and New York (10). 
Microbracon gelechiae (Ashm.) 
This braconid was reared from larvae of Diorycteria auranticella 
Grote taken on Scotch Pine at Ames, Iowa, in 1947 by Farrier. The 
species has been recorded from the European corn borer in Connecticut, 
especially when the host borers were found in plants other than corn 
(10). 
Scambus pterophori (Ashm.) 
This ichneumonid was reared from Epiblema otiosana by Todd (37) 
and reported in 1927. It also is recorded from the European corn borer 
in Massachusetts (10). 
Itoplectus conquisitor (Say) 
Farrier (25) reared this ichneumonid from Dioryctria auranticella 
at Ames, Iowa, in 1947 and it was recorded from Iowa on Orgyia leuco-
stigma by Beach (12). Baker, et al., reported it as a primary parasite on 
the European corn borer and as a secondary parasite, attacking Horogenes 
punctorius in the east (10). 
Apanteles pyralidis Mues. 
Baker, et al., reported a single colony of this braconid taken on the 
European corn borer in Indiana. Seven specimens, labeled "Ames, Iowa, 
Exp. 481; September 19, 1912" are in the Iowa State College collection 
and specimens from Sioux City, Iowa, are in the U. S. National Museum 
collection. 5 
Microgaster epagoges Gahan 
This braconid is reported (10) on the European corn borer, especially 
from weeds in the Lake States and New England. The U. S. National 
Museum contains specimens from Amana, Iowa, and "Iowa Exp. Sta. Pr. 
No. 30 acc. No. D40 (no locality)." 
Gambrus ultimus (Cress.) 
Baker, et al., reported this ichneumonid as a primary parasite 
on the European corn borer and as a secondary parasite attacking Horo-
genes punctorius in New England. It was reported from Iowa by Hen-
drickson (31) in 1930. 
Labrorychus prismaticus (Norton) 
Hendrickson (32) in 1931, reported this ichneumonid from Iowa. 
Baker, et al., reported it from the Lake States and New England on the 
European corn borer. 
' C. F . W. Muesebeck, kindly supplied records of certain parasites from the 
National Museum and the authors gratefully acknowledge his assistance. 
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Scambus hispae (Harris) 
One specimen of this ichneumonid was reported (10) on the Euro-
pean corn borer from Meh;ose, Mass. The U. S . National Museum has 
records of it from Ames, Iowa. 
Enicospilus purgator (Say) 
One specimen of this ichneumonid is reported from the European 
corn borer, taken in Ohio, and the U. S. National Museum has records 
of it from Sioux City and Johnson County, Iowa. 
Melanichneumon brevicinctor (Say) 
This ichneumonid is reported (10) attacking the European corn 
borer in New England. Three specimens in the collection at Iowa State 
College are labeled, "Ames, Iowa, Exp. Sta., May 7, 1894, Ames, Iowa,'' 
and one has no label. U. S. National Museum records are from Sioux 
City and Van Buren County, Iowa. 
Dibrachys cavus (Walk.) 
This chalcid is more often taken as a hyperparasite (10), but it 
has been taken as a primary parasite on the Euorpean corn borer. Three 
specimens, taken by Farrier (25) are in the Iowa State College collection, 
two are labeled July 3, 1947, and one July 18, 1947. U. S. National 
Museum records are from Sioux City and Van Buren County, Iowa. 
Trichogramma minutum Riley 
Baker, et al., discuss the roll of this chalcid as a European corn 
borer parasite in considerable detail. The U. S. National Museum con-
tains specimens from Ames, Iowa. 
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COMPARATIVE DEVELOPMENT OF THE EMBRYOS OF INBRED 
AND HYBRID MAIZE1 
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Morphological expressions of heterosis may be sought at various 
points in the diploid phase of the life cycle of a seed plant. Considerable 
attention has been given, by previous workers, to the morphological ex-
pression of hybrid vigor in maize, from the time of seed germination to 
maturity of the plant. 
Comparative increase in dry weight has been used as the basis for 
comparison in most investigations of heterosis, as expressed during seed 
development. Statistical analysis of dry weights of maize embryos at 
various intervals during development have shown differences in the 
relative growth rates of inbred and hybrid embryos. Because of difficul-
ties encountered in making mass dissections, these investigations have 
not taken into consideration possible differences in the expression of 
heterosis in different parts of the embryonic axis. The present investi-
gation was undertaken to explore the possibility that heterosis may be 
expressed in the histological and morphological development of different 
parts of the maize embryo. 
REVIEW OF LITERATURE 
The literature pertaining to the comparative development of inbred 
and hybrid maize embryos may be divided into two categories: (1) 
studies which have used weight as the basis of comparison; (2) studies 
which have used cytological, histological, or morphological observations 
as a basis for comparison between inbreds and hybrids. 
East (6) reported that hybrid maize embryos did not always exceed 
the parent inbreds in size, whereas Murdoch (11) found that mature 
hybrid embryos had greater dry weight than either parent. Shafer (14) 
compared final dry weights of the embryonic axes of inbred and hybrid 
maize. In some hybrids the embryo axes were no heavier than those of 
the parent inbreds, whereas in other hybrids, the hybrid axes exceeded 
the parents in weight. 
' Journal Paper No. 2137 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 1201. 
Portion of a dissertation submitted to the Graduate Faculty of the Iowa State 
College, Ames, Iowa, in partial fulfillment for the degree of Doctor of Philosophy. 
Doctoral dissertation No. 1069. 
' The writer expresses his appreciation to Dr. John E. Sass and Dr. G. F. 
Sprague for assistance and advice throughout the course of the investigation. 
[ 381 ] 
382 ROSER.T S. FAIRCHILD 
Ashby (1) also compared weights of the embryonic axes of inbred 
and hybrid maize, and found significant differences between the inbreds 
and the hybrids, and between the reciprocals. These differences between 
the reciprocals were attributed to maternal influence. He suggested that 
rate of growth was determined by the more vigorous parent and that this 
difference in rate of growth was of prime importance in the final develop-
ment of the mature plant. This hypothesis stimulated additional investi-
gations. 
Sprague (15) showed that hybrid embryos may be smaller than, 
equal to, or larger than the maternal parent. He pointed out that since 
the hybrid and inbred zygotes are probably of practically identical 
weight, differences in mature weight indicate differences in growth rate, 
and suggested that the growth of the hybrid is determined by' the compli-
mentary or additive effect of genes from both parents. 
Paddick and Sprague (12) compared the dry weights of hybrid and 
inbred embryos grown on the same ear. Both parents appeared to exert 
some influence on embryo weight. Germ size varied greatly in reciprocal 
hybrid kernels. 
Bernstein ( 4) found that the size of hybrid embryos of maize ex-
ceeded inbred embryos during the first three weeks after pollination. In 
later stages of embryo development the hybrid embryos were not con-
sistently heavier than the inbreds when compared on the basis of dry 
weight. 
Kempton and McLane (9) reported that hybrid embryos exceeded 
inbred embryos in rate of increase in dry weight during early develop-
ment. These differences did not remain constant throughout embryonic 
growth. 
Groszmann and Sprague (8) compared dry weights of the embryos 
in pop and dent inbreds and their reciprocal hybrids. Differences between 
the dent inbred and the dent x pop hybrid were not significant. The dent 
x pop hybrid embryo was significantly heavier than the pop inbred. The 
rate of increase of dry weight of the embryo in the dent inbred and in 
the dent x pop hybrid were not significant. The pop x dent hybrid ex-
ceeded the inbred pop in rate of increase in embryo weight. 
Investigations utilizing cytological, histological, or morphological 
criteria are not numerous. Bindloss (5) compared the plumular meri-
stems and nuclear volumes in mature inbred and hybrid maize embryos. 
The lines used were the same as those used by Ashby (1). Hybrid vigor, 
as expressed in embryo weight and in post-germination growth rate, had 
been reported for these lines. There was no correlation between embryo 
weight and size of plumular meristems. The size of the meristem in the 
hybrid appeared to be no greater than that of the larger parent. Positive 
correlation between nuclear size and heterosis was evident in only one 
of the three pairs of reciprocal hybrids. 
Magee (10) compared organ initiation in embryos of inbred pop and 
dent maize and the reciprocal hybrids. The time of leaf initiation was used 
as a criterion for comparing plumule development. Both reciprocals 
exhibited heterosis with respect to the time of leaf initiation. Radicle 
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development was compared on the basis of the formation of the cleft be-
tween the radicle and coleorhiza, and the enlargement of -the metaxylem 
elements. The reciprocal hybrids surpassed- both inbred parents in the 
radicle development. Procambial strands in the scutellum differentiated 
earlier in the hybrids than in their female parents. The hybrid embryos 
resembled their female parents in shape. 
MATERIAL AND METHODS 
The inbred lines of maize used in these studies were furnished by 
Dr. G. F. Sprague. Preliminary observations were made on a consider-
able number of inbred lines (7), two of which seemed to be obviously 
different in the rate of embryo development. These two inbreds, L-317 
and Bl-349, and their reciprocal hybrids, were used for the detailed 
study. 
A split-ear pollination technique was devised, so that both sibbed 
and crossed kernels were on the same ear. A median longitudinal split 
was made at the tip of each ear at the time the silks were cut back, 
approximately twenty-four hours prior to pollination. Two glassine ear 
shoot bags were fastened back to back with a strip of manila paper which 
was rigid enough to be slipped into the split ear. When the silks were 
grown out, one-half of the ear was sibbed and the other half crossed. 
Three ears from each inbred, and from each hybrid, were collected two 
days after pollination and at five day intervals thereafter, from 5 to 40 
days after pollination. 
A sample of kernels was removed from just below the center of each 
half of each ear. The reliability of this method of sampling has been con-
firmed by Bell (3). The 2- to 15-day kernels were trimmed and killed 
whole. In later stages only dissected embryos were killed. The dehy-
dration and embedding schedules used were those described by Sass (13). 
Whole kernels of the younger stages were cut in longitudinal section and 
transverse section 10 to 15 microns in thickness. Individual embryos of 
the older stages were cut at 10 microns. The haemalum-safranin staining 
schedule was used (13). 
Serial transverse sections made it possible to examine all levels of 
the embryo critically. Four regions of the older kernels were chosen 
for extensive comparisons. These were: (1) the apical meristem at the 
level of initiation of the youngest leaf; (2) the first internode above 
the scutellum; (3) the region of seminal root initiation; ( 4) the radicle 
at the most proximal region at which it is separated from the coleorhiza 
by a cleft. 
Transverse sections of the plumule at the level of the apical meristem 
were projected and drawn. A magnification of 210x was used for 20-day 
embryos, and lOOx for the older stages. The transverse sectional area of 
the coleoptile, of each leaf, and of the apical meristem was measured with 
a planimeter and tabulated in terms of square millimeters of actual area. 
The transverse area of the cortex and stele of the first internode was de-
termined for each line at 30, 35, and 40 days. 
The radicle was measured at the most proximal level at which it is 
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separated from the coleorhiza by a cleft. Measurements were made of the 
area of the stele and cortex, and the total transverse area of metaxylem 
elements was determined by averaging 10 measurements. 
At the level of seminal root initiation, it was found impractical to 
maket comparisons on the basis of area measurements, because the semi-
nal roots arise at an angle to the main axis, and at different levels. The 
lines were compared on the basis of the relative time of seminal root 
initiation and differentiation. 
OBSERVATIONS 
Microscopic examinations of inbred and hybrid embryos of different 
ages were made, and transverse area measurements were made of em-
bryonic organs of the inbreds L-317 and Bl-349, and their reciprocal 
hybrids. In the analysis of data, it was desired to make comparisons: (1) 
between inbreds; (2) between hybrids; (3) between inbred L-317 and 
hybrid L-317 x Bl-349; (4) between inbred Bl-349 and hybrid Bl-349 J~ 
L-317. The first two comparisons were accomplished by analysis of 
variance. The remaining orthoganal degree of freedom contains no in-
formation on either of the remaining two comparisons. Therefore, the 
least significant difference was used to compare the hybrids and their 
maternal parents. Repeated application of the least significant difference 
to a set of means, alters the probabilities involved, so that only approxi-
mate tests of significance may be obtained. These approximate tests for 
significant differences in size were used in conjunction with morpholog-
ical and histological comparisons. 
EARLY EMBRYONIC DEVELOPMENT 
Two days after pollination the inbreds L-317 and Bl-349, and their 
two reciprocal hybrids, showed no obvious differences in development. 
Four to eight nuclei were observed in the embryo sacs and no division of 
the zygote was noted. Five days after pollination, differences in embryo 
development, size and shape were evident. Actual differences in embryo 
size at this age cannot be measured readily, but the embryo of L-317 was 
found to be obviously smaller than that of Bl-349. The embryos of the 
reciprocal hybrids were intermediate in size. 
Embryo shape differs in lines of maize. The embryos of Bl-349 and of 
both reciprocal hybrids are somewhat flattened on the anterior face, and 
at five days show evidence of increased meristematic activity in the 
region of plumule initiation. The 10- and 15-day embryos of Bl-349 were 
found to be more advanced in plumule development than those of L-317. 
No obvious differences in radicle development were observed. The hybrid 
embryos were intermediate in size. 
DEVELOPMENT OF THE PLUMULE 
The region chosen for the comparison of plumule development in 
inbreds and hybrids, was the transverse section at the level of the apical 
meristem (Fig. 1). In transverse aspect at this level, the embryos of the 
inbreds L-317 and Bl-349 are quite different in shape. The plumule of 
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L-317 is elliptical in transverse section, except for a slight flattening on 
the anterior face (Fig. 2) . The plumule of Bl-349 is elongated in a plane 
perpendicular to the anterior face, and somewhat tapered on the anterior 
and posterior edges (Fig. 3). The embryos of the reciprocal hybrids are 
intermediate in shape, but tend to resemble those of the female parent 
(Figs. 3, 4). 
The inbreds exhibit differences in the histological development of 
FIG. 1. Semidiagrammatic drawing of a transverse section of a morphologically ma-
ture maize embryo showing Co, Coleoptile; Ll, first leaf; L2, second leaf, and arrange-
ment of other three leaves. 
the plumule. Twenty days after pollination the marginal leaf meristems 
of Bl-349 exceed those of L-317 in activity. The extent of activity in these 
meristems cannot be compared readily by measurement, but differences 
may be judged by the extent of overlapping of the margins of the older 
leaves, and by the visual evidence of marginal expansion in the younger 
leaves (Figs. 2, 3). The inbred Bl-349 exceeds L-317 with respect to 
lateral expansion of leaf No. 1 and leaf No. 2. The hybrids appear to he 
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intermediate, and resemble their female parents with respect to the 
relative activity of marginal leaf meristems (Figs. 4, 5) . 
Differences were also observed between lines in the rate of leaf 
initiation. Twenty days after pollination the third leaf of L-317 consists 
of a ridge of cells, two to three cells thick along the anterior face (Fig. 2). 
The third leaf of Bl-349 had already undergone considerable cell division 
and had become a well-defined leaf, four to five cells thick (Fig. 3). The 
hybrids appear to be intermediate in the rate of leaf initiation. 
Comparisons between the inbreds, and between the reciprocal hy-
brids, on the basis of area measurements of plumular organs, are pre-
sented in Table 1. 
Differences between the two inbred lines are significant, whereas 
differences between the two reciprocal hybrids are non-significant. 
TABLE 1 
ANALYSIS OF VARIANCE OF TRANSVERSE SECTIONAL AREAS OF PLUMULAR ORGANS, 
20 DAYS AFTER POLLINATION 
M .S. for Testing the 
M.S. M .S. Difference Between 
Between Within 
Groups Groups Inbreds Hybrids 
(3 d.f. ) (36 d.f.) (1 d.f.) (1 d.f. ) 
-
Coleoptile .. . . . . . . . . . . ..... . .. . 5027 " 139 14151 t 312 
1st leaf ...... . . .. . . . ... . . . .. . 1309 42 3564t 92 
2nd leaf. .......... . . .. . ..... 220 7 594t 5 
3rd leaf. .. . . . . . . . . . . . . . .. . . . . . 19 1 54t 1 
Apical meristem . . .. . . . . . . .. ... 33 1 97t I 2 
*All entries x 10-s 
t F larger than tabulated 1 % value 
Table 2 contains measurements of mean transverse areas of plumular 
organs of 10 different embryos, of each inbred and of each hybrid 20 days 
'after pollination. The mean area of all organs, except leaf 3, is signifi-
cantly larger in the hybrid L-317 x Bl-349, than in the inbred L-317. The 
mean area for all organs is significantly larger in Bl-349 than in the 
hybrid Bl-349 x L-317. 
Thirty days after pollination, all but one of the embryos of L-317 that 
were examined had initiated the fourth leaf (Fig. 6). The inbred Bl-349 
has a well-defined fourth leaf with provascular strands (Fig. 7). In the 
hybrid L-317 x Bl-349, the fourth leaf arises earlier than in the inbred 
L-317, but not as early as in the male parent (Fig. 8). The hybrid Bl-349 
x L-317 has a well-defined fourth leaf with evident provascular strands 
(Fig. 9) . The activity of marginal leaf meristems of Bl-349 exceeds that 
of L-317, the hybrid L-317 x Bl-349 is intermediate and resembles its 
2. 
4 
FIG. 
2. Transverse section of the plumule of inbred L-317 showing the coleoptile, two 
leaves, and the minute primordium of the third leaf, 20 days. x58 
3. Transverse section of plumule of inbred Bl-349 showing the coleoptile and three 
leaves, 20 days. x58 
4. Transverse section of the plumule of hybrid L-317 x Bl-349, 20 days. x58 
5. Transverse section of the plumule of hybrid Bl-349 x L-317, 20 days. x58 
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TABLE 2 
MEAN TRANSVERSE SECTIONAL AREA OF PLUMULAR ORGANS, 20 DAYS AFTER POLLINATION 
(in sq . mm. ) -
- I 
L-317 x Bl-349 x 
L-317 Bl-349 L-317 BI-349 L.S.D. 
------ ---------
Coleoptile .... ... .1353 . 1501 .1580 .1885 .0143 
1st leaf . .... . ... .0551 . 0611 . 0654 .0818 .0025 
2nd leaf. .... ..... .0180 . 0215 .0205 .0289 .0032 
3rd leaf. .... .. .. .0023 .0032 .0037 .0056 . 0012 
Apical meristem .. .0058 .0075 .0082 .0102 . 0012 
·--
female parent, and the reciprocal hybrid is not obviously different from 
Bl-349. 
Comparisons between inbreds, and between hybrids at 30 days are 
presented in Table 3. The differences between inbreds are significant for 
all measurements. The hybrids are significantly different, except for the 
areas of respective apical meristems. 
TABLE 3 
ANALYSIS OF VARIANCE OF TRANSVERSE SEGTIONAL AREA OF PLUMULAR ORGANS, 
30 DAYS AFTER Pou.INATION 
M .S. for Testing the 
M .S. Difference Between 
Between M .S. Within Groups -----------
Group3 ------
(3 d .f.) 
Coleoptile ....... 37281 * 1450 
1st leaf. .. .. . ..... 8829 292 
2nd leaf. ...... . . 2029 85 
3rd leaf ... . .... . . 271 13 
4th leaf . . .... . . . . 107 3 
Apical meristem .. 21 1 
* All entries x 1 o- • 
t F larger than tabulated 5% value 
t F larger than tabulated 1 % value 
---·- Inbreds Hybrids 
(d.f. ) (1 d.f.) (1 d.f.) 
----- -- -------
36 93708 t 9724t 
36 18911+ 6266t 
36 4263t 911t 
36 not 68t 
35 275t 16t 
36 6lt 2 
Mean transverse sectional areas of plumular organs and least signifi-
cant differences are given in Table 4. Mean values for the hybrid L-317 
x Bl-349 are significantly larger than those of the inbred L-317. The 
d ifferences between Bl-349 x L-317 and Bl-349 are non-significant. 
Thirty-five days after pollination the embryos of L-317 vary in the 
FIG. 
6. Transverse section of the plumule of inbred L-317 showing three leaves, 30 days. 
x39 
7. Transverse section of the plumule of the inbred Bl-349 showing four leaves, 30 
days. x39 
8. Transverse section of the plumule of the hybrid L-317 x Bl-349 showing four 
leaves, 30 days. x39 
9. Transverse section of the plumule of the hybrid Bl-349 x L-317 showing four 
leaves, 30 days. x39 
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TABLE 4 
MEAN TRANSVERSE SECTIONAL AREA OF PLUMULAR ORGANS, 30 DAYS AFTER PoLI.INATION 
(in sq. mm.) 
L-317 x Bl-349 x 
L-31 7 Bl-349 L-317 Bl-349 L.S.D. 
--
Coleoptile . . . .. .. . .3294 .4048 .4489 .4663 .0463 
1st leaf. ... . 1458 . 1703 . 2057 . 2073 .0208 
2nd leaf . . ....... .0506 .0680 .0815 .0798 . 0112 
3rd leaf. . . . ..... . 0172 .0229 .0266 . 02<J2 . 0044 
4th leaf ...... .0034 .0086 .0104 .0114 .0022 
Apical meristcm . 
. I .0059 . 0076 .0082 .0094 .0012 
-
number of leaves present. Three of the ten embryos examined had not 
initiated the fourth leaf. The remaining seven embryos had formed the 
fourth leaf primordium. The embryo of inbred Bl-349 consistently has 
five leaves, and Bl-349 x L-317 has five leaves. The relative activity of 
marginal leaf meristems is greater in L-317 x Bl-349 than in the female 
parent, and there is no obvious difference between the inbred Bl-349 and 
the hybrid Bl-349 x L-317. 
Comparisons of plumular organs of inbreds and hybrids are pre-
sented in Table 5. 
The differences between inbreds are significant. The differences be-
TABLE 5 
ANALYSIS OF VARIANCE OF TRANSVERSE SECTIONAL AREAS OF PLUMULAR ORGANS, 
.35 DAYS AFTER Pou.INATION 
M.S. 
Between M.S. Within Groups 
Groups 
(3 d.f.) 
-----· 
----
Coleoptile. .. ,,; . 31783 * 1383 
1st leaf ... ... . . . 10310 681 
2nd leaf .. . . . . . . . 2899 191 
3rd leaf ... .. . . 769 43 
4th leaf ... ..... .. , 86 13 
5th leaf .... .. .. . 9 1 
Apical meristem . . 7 3 
• All entries x 10-• 
t F larger than tabulated 5% value 
+ F larger than tabulated l % value 
(d.f.) 
36 
36 
36 
36 
33 
24 
36 
M.S. for Testing the 
Di llerence Between 
Inbreds Hybrids 
(1 d.f.) (1 d.f. ) 
81409 t 5645t 
24221 t 4651 t 
5445t 2668t 
1620t 616+ 
207 t 5 
. . . . . . . . . . . . 7t 
13t 8 
~131 
~ . 
FIG. 
10. Transverse section of the plumule of the inbred L-317 showing four leaves, and 
the minute primordium of the fifth leaf, 40 days. x33 
11. Transverse section of the plumule of the inbred Bl-349 showing five leaves, 40 
days. x33 
12. Transverse section of the plumule of the hybrid L-317 x Bl-349 showing five 
leaves, 40 days. x33 
13. Transverse section of the plumule of the hybrid Bl-349 x L-317 showing five 
leaves, 40 days. x33 
392 ROBERT S. FAIRCHILD 
tween hybrids are also significant, except for the area of the fourth leaf 
and of the apical meristem. 
Mean transverse sectional area of plumular organs and least signifi-
cant differences are given in Table 6. Transverse sectional area in plum-
ular organs is larger in L-317 x Bl-349 than in the female parent. The 
differences do not appear to be significant for areas of the second and third 
leaves, and for the areas of apical meristems. The differences between 
Bl-349 x L-317 and its female parent are non-significant. 
Forty days after pollination the inbred L-317 had initiated the fifth 
leaf in only three of the ten embryos examined (Fig. 10) . At this age, the 
inbred Bl-349 and both reciprocal hybrids have well-defined fifth leaves 
TABLE 6 
MEAN TRANSVERSE SECTIONAL AREAS OF PLUMULAR ORGANS, 35 DAYS AFTER POLLINATION 
(in sq. mm. ) 
L-31 7 x Bl-349 x 
I L-317 Bl-349 L-317 Bl-349 L.S.D. 
-------- -----
Coleoptile . ... .. . .3943 .4701 .5037 .5219 .0452 
1st leaf ... . . . . . ... .1 660 .1999 .2304 .2356 .0317 
2nd leaf . . . .. . . .. . .0709 .0835 .1066 .1039 .0168 
3rd leaf. . .. ... . .. .0228 .0289 .0400 .0408 .0080 
4th leaf. .. .. .. ... .0061 .0146 .0156 .0158 .0048 
5th leaf . .. . ... . . . ........... .0023 .0042 .0038 .0013 
Apical meristem .. .0066 .0065 .0078 .0082 .0021 
(Figs. 11, 12, and 13). The hybrid L-317 x Bl-349 exceeds the female 
parent and equals its male parent in regard to activity of marginal leaf 
meristems, as judged by visual evidence of lateral expansion. The hybrid 
Bl-349 x L-317 exceeds both parents in activity of marginal leaf meristems. 
Comparisons of plumular organs of inbreds and hybrids are presented 
in Table 1: 
The differences between inbreds are significant for all plumular 
organs. The hybrids also differ significantly, except in the area of apical 
meristems. 
Mean transverse sectional area of plumular organs and the leaf sig-
nificant differences are presented in Table 8. 
The hybrid L-317 x Bl-349 is significantly larger than its female 
parent. The hybrid Bl-349 x L-317 is not significantly different from its 
female parent except in transverse sectional area of the coleoptile and the 
first and fourth leaves. 
DEVELOPMENT OF THE FIRST INTERNODE 
The first internode of the maize embryo is that portion of the embry-
onic axis which lies bewteen the scutdlar plate and the coleoptile node. 
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TABLE 7 
ANALYSIS OF VARIANCE OF TRANSVERSE SECTIONAL AREAS OF PLUMULAR ORGANS, 
40 DAYS AFTER POLLINATION 
M.S. for Testing the 
M.S. Difference Between 
Between M. S.Within Groups 
393 
Groups Inbreds Hybrids 
(3 d.f.) 
-
Coleoptile ..... ... 65015 * 1383 
1st leaf. ........ .. 14634 
2nd leaf. .... ... . . 4435 
3rd leaf ... .... . .. 983 
4th leaf. ...... ... 199 
5th leaf. . . .. ..... 18 
Apical meristem . .. 3 
* x 10-s 
t F larger than tabulated 5 % value 
j: F larger than tabulated 1 % value 
455 
319 
36 
9 
1 
1 
(d.f.) (1 d.f.) (1 d.f.) 
36 84630j: 60500j: 
36 13781 j: 11713 j: 
36 4500j: 2531 j: 
36 1549j: 451 j: 
36 218 j: 168 j: 
29 18j: 36j: 
36 6t 2 
As the embryo approaches maturity there is considerable growth in this 
region, primarily as a result of cell enlargement. Transverse sectional 
area measurements of cortex and stele were taken at comparable levels 
near the basal portion of this internode, above the region of seminal root 
initiation. Comparisons were limited to embryos collected 30, 35, and 40 
days after pollination. Since there are no obvious histological differences 
between foe inbreds and hybrids at this particular level, comparisons are 
based on transverse sectional areas. Table 9 presents comparisons between 
inbreds and between hybrids 30, 35, and 40 days after pollination. 
The inbred Bl-349 is significantly larger than L-317 in transverse 
TABLE 8 
MEAN TRANSVERSE SECTIONAL AREA OF PLUMULAR ORGANS, 40 DAYS AFTER POLLINATION 
(in sq. mm.) 
L-317 x Bl-349 x 
L-317 Bl-349 L-317 Bl-349 L.S.D . 
-
Coleoptile .... .. .4369 .5176 .6276 .5670 .0452 
1st leaf .. . . . . . . . . .1899 .2339 .2823 . 2424 .0259 
2nd leaf .. . ..... .0814 .1102 .1327 . 1114 .0217 
3rd leaf ... . . .0312 .0450 .0545 .0488 .0073 
4th leaf ........ . . . 0118 .0168 .0226 .0184 .0036 
5th leaf. ... . . .0007 .0033 .0060 .0052 .0018 
Apical meristem ... .0075 .0080 .0086 .0086 .0012 
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sectional area of the stele and cortex 30, 35, and 40 days after pollination. 
The hybrid Bl-349 x L-317 is significantly larger than its reciprocal at 30, 
35, and 40 days. 
Mean transverse sectional areas for each inbred and each hybrid, and 
the least significant differences appear in Table 10. 
TABLE 9 
ANALYSIS OF VARIANCE OF TRANSVERSE SECTIONAL AREAS OF THE FIRST lNTERNODES, 
30, 35, AND 40 DAYS AFTER POLLINATION 
M.S. 
Between 
Groups 
(3 d.f.) 
-----· 
30 Days 
Cortex . . . .... ...... . . . . . 230353. 
Stele ... .. ... .. . . . . ' .... 6037 
Total . . . . . . . . . . . . ...... . .. 307973 
35 Days 
Cortex ..... . ... . . . . . . . ... 236058 
Stele .. .. . . ........ .. . . ... 14731 
Total ...... . ... . . . . . ..... 358720 
40 Days 
Cortex ..... . . . . . . ... . . .. . 383548 
Stele ...... ... . .. ... . ..... 16209 
Total .... . ...... . . . ... . . . 549008 
-
* All entries x1 o-a 
t F larger than tabulated 5% value 
t F larger than tabulated 1 % value 
M.S. 
M .S. for Testing the 
Difference Between 
Within -----· 
Groups Inbreds Hybrids 
(36 d.f. ) (1 d.f.) (1 d.f ) 
----- ·----- ·----
2766 646561 t 44274t 
264 14851 t 1748t 
3881 857394t 63619 t 
3850 680805 t 20608t 
391 30264t 13520 t 
6006 998151t 67512t 
5716 912926 t 199400t 
415 27306 t 10397 t 
8288 1256007 t 300860t 
The hybrid L-317 x Bl-349 is significantly larger than its female 
:'.)arent in the transverse sectional area of the stele, except that at 35 days 
the difference between mean cortex areas appears to be non-significant. 
The inbred Bl-349 is significantly larger than the hybrid Bl-349 x L-317 in 
transverse area of the cortex, 30 and 35 days after pollination. Forty days 
after pollination the difference between mean cortex areas is non-signifi-
cant. The hybrid Bl-349 x L-317 and its maternal parent do not differ 
significantly in transverse area of the stele. 
DEVELOPMENT OF THE RADICLE 
The radicles of the inbreds L-317 and Bl-349, and their reciprocal 
l:ybrids show obvious differences in shape and dimensions of transverse 
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TABLE10 
MEAN TRANSVERSE S ECTIONAL AREA OF 1ST lNTERNODE, 30, 35, AND 40 
DAYS AFTER POLLINATION 
(in sq. mm.) 
L-317x Bl-349 x 
I L-317 Bl-349 L-317 Bl-349 L.S.D. 
395 
- -----·--------
30 Days 
Cortex ..... .. .4792 .6167 . 7108 .8388 .0640 
Stele ....... .. . 1063 .1365 .1552 .1608 .0198 
Total . .. . .... .585.5 .7532 .8660 . 9996 .0758 
35 Days 
Cortex ...... . .5709 .7493 .8135 .9399 .0754 
Stele ... .. .... . 1283 .1476 . 1996 . 2061 .0240 
Total ... . .... .6992 .8969 1 . 0131 1 . 1460 .0942 
40 Days 
Cortex .. ..... .6458 .8215 1 . 0212 1.0731 .0920 
Stele ...... . .. . 1476 . 1948 .2404 . 2215 .0248 
Total ...... .. .7934 1 .0163 1 .2616 1 .2946 .1107 
sections. The radicle of L-317 is elliptical in transverse section (Fig. 14), 
that of Bl-349 is somewhat elongated (Fig. 15) , and the reciprocal hybrids 
are intermediate (Figs. 16, 17) . Radicles of the inbreds and hybrids differ 
chiefly in relative cell enlargement. The chief region of cell enlargement is 
the proximal portion of the radicle. Therefore, the region chosen for the 
comparison of measurements was the most proximal transverse section 
in which the radicle is separated from the coleorhiza by a cleft. Com-
parisons between transverse sectional areas of the radicles appear in 
Table 11. 
Thirty days after pollination the inbreds L-317 and Bl-349 do not 
differ significantly in transverse sectional area of the cortex of the radicle. 
The inbred L-317 is significantly larger than Bl-349 in transverse sectional 
area of the stele. Thirty-five days after pollination the inbreds are not 
significantly different with respect to the areas of either stele or cortex. 
F'orty days after pollination the inbred Bl-349 is significantly larger than 
L-317 in area of cortex, but not significantly different in area of stele 
(Figs. 18, 19). 
Thirty days after pollination the hybrids are not significantly different 
in transverse sectional area of either stele or cortex. Thirty-five days 
after pollination, Bl-349 x L-317 is significantly larger in transverse 
sectional area of the ~ortex, but not significantly different in stelar area. 
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At 40 days, Bl-349 x L-317 is significantly larger than its reciprocal in 
both stele and cortex (Figs. 20, 21). 
Mean transverse sectional areas of the radicles of the inbreds and 
reciprocal hybrids, and the least significant differences appear in Table 
12. 
Thirty days after pollination, both hybrids are significantly larger 
than either parent in transverse sectional area of both cortex and stele. 
Thirty-five days after pollination there are no significant differences in the 
TABLE 11 
ANALYSIS OF VARIANCE OF TRANSVERSE SECTIONAL A REAS OF THE R ADICLES, 
30, 35, AND 40 DAYS A FTER P OLLINATION 
M .S. 
Between 
Groups 
(3 ci.f.) 
30 Days 
Cortex . . ..... .. . ...... . . 14300 * 
Stele .. . .. . . . . . . . . .... 3715 
T otal . ..... . . . . . . .. . ... 30245 
35 D ays 
Cortex ... . .. .. . . .. . .. . ... 16010 
Stele . . . .. .. . . . . . . . . . ... . . 1800 
T ota l . . ... ... . . . . . . .. . ... 25072 
40 Days 
Cortex . . . . . .. . . .. . . . . . . . . 6151 6 
Stele .. . ... .. . ... . . . . . . . . . 3469 
T otal .. . ... . . . . . ... . .. 83279 
* All entries xl0- 6 
t F larger than tabulated 5 % value 
t F larger than ta bulated 1 % value 
M.S. for T esting the 
M .S. Difference Between 
Within 
Groups Inbreds Hybrid~ 
(36 d.f. ) (1 d.f.) (1 d.f. ) 
-------
-
2500 224 1008 
612 3976 t 461 
4937 6090 2832 
2459 9418 18362 t 
474 572 1140 
4473 5346 28652 t 
1866 98420t 52429t 
291 29 3976t 
301 5 95082 t 85282! 
cortical areas of the hybrids and their parents, but Bl-349 x L-317 still 
exceeds its female parent in stelar area. Forty days after pollination, 
L-317 x Bl-349 is significantly larger than L-317 in cortical area, whereas 
Bl-349 x L-317 is significantly larger than Bl-349 in stelar area. 
The radicles of the inbreds and hybrids were also compared on the 
basis of the total transverse sectional area of the metaxylem elements. 
These comparisons appear in Table 13. 
At 30 and 35 days the inbreds do not differ significantly in the total 
transverse sectional area of metaxylem elements, neither do the hybrids 
:15' 
.. 
16 
FIG. 
14. Transverse section of the radicle of inbred L-317, showing relatively large stele, 
30 days. x34 
15. Transverse section of the radicle of the inbred Bl-349, showing relatively small 
stele, 30 days. x34 
16. Transverse section of the radicle of the hybrid L-317 x Bl-349, 30 days. x34 
17. Transverse section of the radicle of the hybrid Bl-349 x L-317, 30 days. x34 
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differ significantly. However, at 40 days, the hybrid Bl-349 x L-317 is 
significantly larger than its reciprocal. 
Mean transverse sectional area of metaxylem elements of the inbreds 
and their reciprocal hybrids, and the least significant differences are given 
in Table 14. 
The hybrid Bl-349 x L-317 significantly exceeds its female parent 
at all ages, whereas the reciprocal, L-317 x Bl-349, exceeds its female 
parent significantly to 30 days. 
DEVELOPMENT OF SEMINAL ROOTS 
The region of seminal root development lies just above the scutellar 
node. These roots do not emerge perpendicular to the main axis of the 
embryo; therefore, transverse sections show them in oblique view, and 
30 D ays 
Cortex . ..... 
Stele .. . . .... . 
Total. . . . . .. . 
35 Days 
Cortex . . . . . . 
Stele . .. . .. .. . 
Total ... . . . .. 
40 D ays 
Cortex . .. . 
. ' . 
Stele . .. . . . .. . 
Total ..... . . . 
T ABLE 12 
M EAN TRANSVER~E SECTIONAL AREA OF RADICLE5, 
30, 35, AND 40 D AYS AFTER POLLINATION 
(in sq. mm.) 
L-317 L-317x Bl-349 x Bl-349 
Bl-349 L-317 
. 4229 .4770 .4912 .4162 
. 1692 . 1762 .1858 . 1410 
. 5921 .6532 .6770 . 5572 
. 5289 .5653 .6259 . 5723 
. 1953 .201 6 .2167 ' 1846 
. 7242 .7669 .8426 .7569 
. 5362 . 61 32 .7156 .6765 
. 2078 . 2178 .2460 .2054 
.7440 . 8310 . 9616 .8819 
L. S. D. 
.0061 
.0300 
.0854 
.0603 
.0265 
.0814 
.0524 
.0207 
.0668 
it is not possible to make comparable sectional area measurements. 
Visual observations were made as to the time of seminal root initiation, 
enlargement, and differentiation. 
Thirty days after pollination, L-317 does not show any indications 
of seminal root initiation. The inbred Bl-349, at 30 days, has two seminal 
root primordia on the posterior side of the embryonic axis. Seminal 
roots are evident in Bl-349 x L-317 at this date but they are lacking in 
the reciprocal. 
18 19 
r21~ 
FIG. 
18. Transverse section of the radicle of inbred L-317 showing relatively small cortex, 
40 days. x34 
19. Transverse section of the radicle of the inbred Bl-349, showing relatively large 
cortex, 40 days. x34 
20. Transverse section of the radicle of the hybrid L-317 x Bl-349, 40 days. x34 
21. Transverse section of the radicle of the hybrid Bl-349 x L-317, 40 days. x34 
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At 35 days, seminal roots are still absent in L-317 but have ap-
peared in the hybrid L-317 x Bl-349. The inbred Bl-349 and the hybrid 
Bl-349 x L-317 have two well-formed seminal roots, and both the inbred 
and the hybrid have a less advanced seminal root on the anterior side 
.of the axis. 
Forty days after pollination the inbred L-317 shows evidence of 
seminal root initiation in the pericycle. This activity is recognized as 
an area of densely stained cells (Fig. 22). No recognizable histogens 
are evident. The inbred Bl-349 has three well-developed seminal roots 
TABLE 13 
ANALYSIS OF VARIANCE OF TOTAL TRANSVERSE SECTIONAL AREAS OF J'vfETAXYLEM E LEMENTS, 
30, 35, AND 40 DAYS AFTER POLLINATION 
M .S. M.S. 
M.S. for Testing the 
Difference Between 
Between Within 
Groups Groups Inbreds Hybrids 
(3 d.f.) (36 d.f.) (1 d.f.) (1 d .f.) 
----
30 Days ..... . . . . . . . ..... . .. 7150650 1441544 37411 605 
35 Days ..... .. . . . . . . ... . . . .. 7250298 1546740 14742 218196 
40 Days ... . ... .. .. . . .. .. . . .. . 12161636 1303767 1687805 199J2120. 
• F larger than tabulated 1 % value 
(Fig. 23). The seminal root on the anterior face does not appear in 
this figure because it is at a different level. The calyptra, periblem, and 
plerome are distinct in the two posterior seminal roots, whereas the 
anterior seminal root is less advanced. The seminal roots of the hybrids 
do not appear to be as large as those of Bl-349, but they are approxi-
mately equal to Bl-349 in histological development. The hybrid Bl-349 
x L-317 (Fig. 25) ~s more advanced than its reciprocal (Fig. 24). 
The inbreds L-317 and Bl-349 are strikingly different in the time 
of initiation of seminal roots, and both hybrids approach the more 
vigorous parent. 
TABLE14 
ME'IN TOTAL TRANSVERSE SECTIONAL AREA OF M ETAXYLEM ELEMENTS, 
30, 35, AND 40 DAYS AFTER POLLINATION 
(in sq. microns) 
L-317 x Bl-349 x 
L-317 Bl-349 L-317 Bl-349 L.S.D. 
. 
30 Days . . . . . . .. . . 6524 8025 8036 6610 1460 
35 D ays .. . .. . . . .. 7739 9074 9283 7685 1513 
40 Days ... . .. .. •. 8471 8983 10980 9052 1389 
-
FIG. 
22. Transverse section of the basal portion of the first intern:ide of inbred L- 317, 
showing region of seminal root initiation, 40 days. x34 
23. 
24. 
25. 
Transverse section of the basal portion of the first internode of inbred Bl-349, 
showing two well-developed seminal roots, 40 days. x34 
Transverse section of the basal portion of the first internode of hybrid L-317 x 
Bl-349, 40 days. x34 
Transverse section of the basal portion of the first internode of hybrid Bl-349 x 
L-317, 40 days. x34 
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DISCUSSION 
Previous investigations of heterosis in maize have shown that the 
dry weight of hybrid embryos may be less than, equal to, or greater 
than the embryo weight of parent inbreds. The present study was 
undertaken to explore the possibility that heterosis may have histo-
logical or morphological expression in the maize embryo. 
The two inbreds L-317 and Bl-349 were found to differ markedly 
in embryo development as early as five days after pollination, and by 
the fifteenth day the embryo of Bl-349 is larger and more advanced 
than that 0£ L-317. The two hybrids are intermediate and tend to re-
semble their female parent. 
The two inbreds chosen for study differ markedly in plumule 
development with respect to time of leaf initiation, activity of marginal 
leaf meristems, and size of plumular organs as indicated by transverse 
sectional area. 
The hybrid embryos, L-317 x Bl-349, grown on the same ears 
with the less vigorous parent L-317, surpass the inbred embryos of the 
maternal parent in plumular development throughout the entire period 
of embryo growth. The expression of heterosis in this instance con-
sists of increased leaf initiating activity of apical meristems, increased 
activity of marginal leaf meristems, and increase in total plumule size, 
as indicated by transverse sectional area. This hybrid, L-317 x Bl-349, 
does not equal its male parent during early growth, but is approxi-
mately equal to the male parent at 40 days. 
The hybrid embryos of the reciprocal cross, Bl-349 x L-317, grown 
on the same ears with the more vigorous inbred Bl-349, were found 
to be inferior to the embryos of the maternal parent in plumular de-
velopment until approximately 35 days after pollination. This hybrid 
surpasses its male parent throughout the entire period of plumular 
development on the basis of all the criteria used in judging compara-
tive development. 
The differences between the inbreds in the observed rate of leaf 
initiation are in agreement with the comparative development of these 
lines after germination. The inbred L-317 is a late maturing inbred. 
The hybrid L-317 x Bl-349 and its reciprocal differ in rate of leaf 
initiation. Since these two hybrids are genetically identical the dif-
ference may be the result of maternal influence (15) (8). The fact 
that L-317 x Bl-349 equals the more vigorous parent in leaf initiation 
may indicate that those genes from Bl-349 which influence this growth 
process are dominant. 
The fact that Bl-349 x L-317 exceeds its more vigorous parent in 
total transverse sectional area of plumular organs may be the result 
of the additive or complimentary effects of genes from both parents 
(15). An alternative explanation may be that this difference is due 
to the effect of hybrid endosperm. 
The inbreds used in this study are strikingly different in trans-
verse sectional area of the cortex and stele of the first internode. The 
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hybrid embryos, Bl-349 x L-317, grown on the same ears with the more 
vigorous inbred Bl-349, are equal to the embryos of the maternal in-
bred in stelar enlargement, but do not become equal in cortical en-
largement until after 35 days. The hybrid embryos, L-317 x Bl-349, 
grown on the same ears with the less vigorous inbred L-317, surpass 
the inbred embryos in transverse ·sectional area of the cortex and stele 
of the first internode. 
Maternal influence in the development of the first internode is 
evidenced by the fact that the hybrid embryos, grown on the more 
vigorous inbred, exceed the embryos of the reciprocal hybrid in the 
transverse sectional area of the stele and cortex at all ages. 
The inbreds L-317 and Bl-349 are not obviously different in the 
histological development of the radicle. Differences which do exist 
consist largely in the relative enlargement of the stele and cortex. 
With respect to stelar enlargement the inbred L-317 is superior to 
Bl-349 at 30 days, but does not maintain this advantage. The inbred 
attains a slight superiority in transverse sectional area of the cortex 
by 40 days after pollination. 
The embryos of the hybrid L-317 x Bl-349 exceed those of the 
inbred L-317 in transverse sectional area of the cortex by 30 days 
after pollin.ation. However, this hybrid, L-317 x Bl-349, does not exceed 
its maternal parent at any age. The embryos of the hybrid Bl-349 x 
L-317 exceed those of the inbred Bl-349 in transverse sectional area of 
both stele and cortex by 30 days. By 35 days after pollination, the 
hybrid Bl-349 x L-317 has lost its superiority in transverse sectional 
area of the cortex, but exceeds its maternal parent in transverse sec-
tional area of the stele at all ages. 
The above comparisons indicate that L-317 contributes favorable 
genes for the growth of the stele, whereas Bl-349 contributes favorable 
genes for the growth of the cortex. Therefore, heterosis in the radicle 
is the result of the combined effects of favorable genes that are con-
tributed by both parents. 
In seminal root development, the outstanding difference between 
the inbreds is in the time of root initiation. Seminal root development 
in Bl-349 is more advanced than in L-317, whereas both hybrids ap-
proach the more advanced parent. The genes which influence early 
initiation of seminal roots appear to be dominant. A maternal effect 
is indicated by the fact that seminal root development in hybrid em-
bryos that are grown on the same ear with the more advanced inbred 
embryos, exceeds the seminal root development in hybrid embryos 
that are grown on the less advanced inbred. 
SUMMARY 
The present investigation was undertaken to explore the possi-
bility that heterosis may be expressed in the morphological or histo-
logical development of the maize embryo. 
The two dent inbred lines L-317 and Bl-349, and their reciprocal 
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hybrids, were chosen for detailed study because preliminary observa-
tions revealed that these inbreds differ strikingly in embryological 
development. 
A split-ear pollination technique was employed, whereby inbred 
and hybrid embryos were grown on the same ear. Embryos of each 
inbred and of each of the reciprocal hybrids were studied 5 days after 
pollination, and at 5-day intervals thereafter until 40 days. 
Comparisons were made on the basis of visual study of longitudinal 
and transverse sections of the embryos at 5, 10, and 15 days, and serial 
transverse sections of embryos from 20 to 40 days after pollination. 
Four levels were chosen as the chief regions to be compared. These 
regions were: the transverse section of the plumule at the level of the 
apical meristem, a transverse section near the basal portion of the 
first internode, the transverse section at the level of seminal root initia-
tion, and the transverse section of the radicle at the most proximal 
region at which it is separated from the coleorhiza by a cleft. Visual 
observations were supported by measurements of transverse sectional 
area and by statistical analysis. 
Histological expressions of heterosis are evident in plumular de-
velopment. Both reciprocal hybrids surpass the less vigorous inbred 
in the rate of leaf initiation, in the activity of marginal leaf meristems, 
and in the transverse sectional area of plumular organs. Hybrid em-
bryos grown on the same ear with the more vigorous inbred surpass 
the more vigorous inbred 40 days after pollination, but the reciprocal 
hybrid is still intermediate in development at this age. The differences 
between reciprocal hybrids are interpreted as the expression of ma-
ternal effect. 
Expressions of heterosis are also evident in the development of 
the first internode. Both hybrids exceed the less vigorous parent in 
the total transverse sectional area of the first internode, but neither 
hybrid exceeds the more vigorous parent in this respect. 
The expression of heterosis in the radicle is quite evident. The 
inbreds do not differ significantly in total transverse sectional area of 
the radicle at 30 days, but L-317 is larger than Bl-349 in the area of 
the stele. By 40 days, Bl-349 exceeds L-317 in the transverse area of 
the cortex. These observations, as well as the fact that both reciprocal 
hybrids exceed either inbred parent in transverse sectional area of 
both stele and cortex at 35 days, indicate that L-317 contributes favor-
able genes for stelar development, whereas Bl-349 contributes favor-
able genes for cortical development. The observed heterosis is the re-
sult of favorable genes from both parents. 
The comparative development of seminal roots also provides evi-
dence of heterosis. The inbreds are obviously different in the time of 
initiation of seminal roots. The reciprocal hybrids are intermediate, 
but they tend to approach the more advanced parent. In the size of 
seminal roots and in the differentiation of histogens, both hybrids far 
exceed the less advanced inbred. Neither hybrid appreciably sur-
passes the more advanced inbred in seminal root development. 
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THE DEVELOPMENT AND STRUCTURE OF THE 
VEGETATIVE AND REPRODUCTIVE ORGANS OF KUDZU, 
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The kudzu bean, Pueraria thunbergiana (Sieb. and Zucc.) Benth., 
is a vigorous, woody perennial vine, native to Japan and China. The 
plant was introduced into the United States from the Orient in 1876, 
when it was exhibited at the Philadelphia Centennial. It is a valuable 
forage legume, and it is also used for soil improvement, for erosion 
control, and as an ornamental. 
Recent studies by McKee and Stephens (17) have shown that 
kudzu thrives best in the humid southeastern states. It is grown to 
some extent in the East, Southwest, Midwest, and Far West, but it is 
best adapted to states south of Virginia and Kentucky. 
The present study of the development and structure of the vegeta-
tive and reproductive organs of kudzu was undertaken to furnish a 
basis for studies in the breeding, cultivation, and utilization of kudzu. 
REVIEW OF PERTINENT LITERATURE 
Solereder (24) described some features of the anatomy of kudzu, 
particularly the origin of cork in the second to sixth subepidermal cell 
layers. Burkart (5) reported that the tuberous roots, from which starch 
is obtained, develop from adventitious roots. Tabor (28) found that 
seedlings have several advantages over "crowns" for propagation. The 
seedlings can be produced in one growing season, the yield per acre 
is higher, and lifting, storage, transportation, and planting are less dif-
ficult than with "crowns." Tabor's (27) studies of production in Vir-
ginia, North Carolina, South Carolina, Georgia, Florida, Alabama, and 
Mississippi showed that kudzu vines growing over bushes, trees, fences, 
or other supports produce seed most abundantly. The best-seeding 
plants have ten to twelve seeds per pod and twenty to thirty pods per 
cluster. 
' Journal Paper No. J -2136 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 1048. 
Portion of a dissertation submitted to the Graduate Faculty of the Iowa State 
College, Ames, Iowa, in partial fulfillment for the degree of Doctor of Philosophy. 
Doctoral dissertation No. 791. 
2 The author is indebted to Dr. John N. Martin and to other members of the 
staff of the Botany Department for guidance and encouragement. 
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Within the past few years, agronomic studies have been made in 
the United States, South Africa, Cuba, Australia, and other countries 
to determine the economic value of the kudzu bean. Degener (8) 
found that "ko-pu" fiber of good quality can be prepared from the bark 
of the young shoots of kudzu. Pierre and Bertram (20) found that 
increasing the number of cuttings of kudzu reduces its production of 
food reserves. Among the more recent studies are those by Tabor (26) 
and Arnold (1) on the cultivation of kudzu; Bailey and Mayton (2), 
Brink (3), Cates (7) and Swabey (25) on its value for erosion con-
trol; McKee and Stephens (17), Calvino (6), McMartin (18), Pieters 
(21, 22) and Tracy (29), on its value as a forage crop. 
MATERIALS AND METHODS 
The kudzu plants used in this study were obtained from eroded 
land along a stream which flows through the truck garden of Tuskegee 
Institute, Tuskegee, Alabama. The plants were between eight and ten 
years old and had been grown from transplants. 
Seeds were obtained through the courtesy of Dr. Roland McKee 
and Dr. M. F. Spaulding, who made the collections in the vicinities of 
Beltsville, Maryland, and Tuskegee, Alabama, respectively. The seeds 
were prepared for germination by soaking in concentrated sulphuric 
acid for twenty to thirty minutes and then thoroughly washing in tap 
water. 
For anatomical sections and for some cytological studies, tissues 
were killed in modifications of the Nawaschin (Craf) formula and em-
bedded in paraffin. Anatomical preparations were stained in safranin-
fast green, and cytological sections were stained in gentian violet-iodine 
or iron-alum hematoxylin. 
OBSERVATIONS 
GROSS MORPHOLOGY OF THE PLANT 
Kudzu is a coarse, hairy, stoloniferous vine. The stems, which may 
attain a length of more than seventy feet during a growing season, are 
prostrate or climb over brush, shrubs, trees, fences, or other supports. 
The pubescent, cylindrical stems are usually less than a centimeter in 
diameter throughout their length (Fig. 1). When the stems are in direct 
contact with moist soil, rooting occurs at the nodes (Fig. 2) . The seed-
ling stem grows vertically a few inches above the ground and then 
bends at an angle of almost ninety degrees to a prostrate position. 
The leaves are alternate, trifoliate, with the lateral leaflets 8 to 
10 cm. in width and 12 to 15 cm. in length. The median leaflet is usually 
5 to 7 cm. wide and 12 to 20 cm. long (Fig. 3). The length of the 
petioles ranges from 2 cm. near the stem tip to 25 cm. on the mature 
portions of the stem. The petiole is enlarged at the base for a distance 
of 5 mm. or more, forming a definite pulvinus. Just above the pulvinus, 
the petiole is rounded in cross section, except for a groove on the adaxial 
surface. The leaflets have short, thick stalks and their margins are 
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lobed or entire. The netted venation has three principal veins in each 
leaflet. The stipules are membranous, ovate, and acute. 
Observations were made on the movements of the leaves of kudzu 
plants growing in pots and in the field. Bending occurs at the pulvinus 
at the base of the petiole and at the base of each leaflet! The petioles 
rise to the erect position during the period from 7 A.M. to 3 P.M and 
begin to change to the nocturnal position from 3 P.M. to 7 P.M. About 
1 P.M. the lateral leaflets fold so that they almost touch. The terminal 
leaflet bends until its surface touches the vertical edges of the lateral 
leaflets. 
The root system begins as a tap-root, developed from the primary 
root of the seedling. Abundant, fibrous lateral roots develop early on 
the primary root. Adventitious roots arise from stolons in contact with 
moist soil. 
Kudzu begins to bloom during the middle of July in the region of 
Tuskegee, Alabama. The pedicellate flowers are borne in 2-3 :flowered 
dicasial clusters along a raceme-like axis. The inflorescence as a whole 
appears to be an axillary raceme located near the end of the stem 
(Fig. 5). The number of flowers in an inflorescence varies from a few 
to over three hundred. The peduncles and pedicels are pubescent. The 
pedicels are approximately as long as the calyx. The calyx is tubular 
and is subtended by two lanceolate bractlets about 5 mm. long. The 
lanceolate lobes of the calyx are longer than the tube. The basal lobes 
of the calyx are somewhat longer and narrower than the others (Fig. 
6). The dark red-purple calyx tube is densely covered with tan-colored 
hairs. 
The dimensions of the five petals are approximately as follows: 
the upright upper petal (standard) is 15 mm. long and 11 mm. wide, 
and has a claw 3 mm. long and 1 mm. wide; the lateral petals (wings) 
are 10 mm. long and 0.5 mm. wide, with a claw 5 mm. long and 0.5 mm. 
wide; the keel petals are 12 mm. long and 6 mm. wide, with a claw 
5 mm. long and 0.5 mm. wide. 
The ten stamens are of unequal length. The filaments of nine 
stamens are fused and form a tube around the pistil, whereas the tenth 
stamen is free. The filaments are attached to the backs of the anthers. 
The anthers are about 1 mm. long and 0.4 mm. wide. The pollen grains 
are almost spherical and are relatively rough. 
The unicarpellate pistil is about 19 mm. long. The ovary is about 
5 mm. long and 1 mm. thick, and has long, white hairs. The style is 
14 mm. in length, curved and tapered at the apex. Nectaries are located 
at the base of the staminal tube on either side of the free stamen. 
The formation of pollen takes place very early and the anthers 
dehisce while the corolla is still closed. Anthesis progresses from the 
base of the inflorescence toward the apex and requires twenty-two to 
thirty days for completion. The flowers of the kudzu are adapted for 
cross-pollination by honey bees and bumble bees. 
Each inflorescence bears from ten to thirty pods. They are yellow-
FIG. 1. Terminal portion of stoloniferous stem. 
FIG. 2. Adventitious roots at node in contact with 
moist soil. 
FIG. 3. Alternate trifoliate leaves. 
' ' f • ) 
1V 
FIG. 4. Terminal portion of runner showing inflores-
censes in axils of trifoliate leaves. 
FIG. 5. Arrangement of flowers in an inflorescence. 
FIG. 6. Organs of dissected flower. 
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green, with numerous long, reddish-brown hairs (Fig. 5). The pods are 
5 to 8 cm. long and about 1 cm. wide. Each pod has from three to ten 
seeds. 
The seeds are kidney-shaped and average about 3 mm. in length 
and 2 mm. in width. The surface of the testa is lustrous and usually 
reddish-brown or gray with black specks. In the center of the concave 
surface there is a light-colored hilum 0.5 mm. in length, and bordered 
by a raised margin. The seeds have a hard and impermeable seed 
coat which becomes permeable when soaked in concentrated sulphuric 
acid for twenty to thirty minutes. After this treatment seeds germin-
ate in less than twelve hours. 
The relatively large seedling has two green, epigeal cotyledons. 
The hypocotyl is long and merges gradually into the primary root. The 
seed coat is not carried on the tip of 'the cotyledons but remains in the 
soil. The fleshy cotyledons are approximately 8.5 mm. long and 4.5 mm. 
wide. Their petioles are broad and united at their bases to form the 
cotyledonary sheath. The hypocotyl varies greatly in length, and is 
about 0.3 mm. in diameter. It is slightly swollen near the collet, the 
region of transition between the root and the hypocotyl. 
The primary root is much smaller in diameter than the hypocotyl. 
Lateral rootlets develop very early during the growth of the seedling, 
and by the time the plumule appears between the cotyledons, at least 
two rows of rootlets can be distinguished. By the time the second 
compound leaf appears, three rows of rootlets have developed. 
The cotyledons enlarge rapidly during the first few days. The first 
leaves are opposite and simple, and generally appear about eight days 
after the cotyledons have become divergent. The laminae of the first 
leaves are pubescent, entire, acuminate, slightly cordate, about 7 mm. 
in length and 6 mm. in width. The leaves that emerge subsequently are 
alternate, trifoliate, and pubescent. 
ANATOMY OF T HE VEGETATIVE ORGANS 
The Stem. The stem apex has a tunica of two layers of cells, in 
which the cells divide predominantly in an anticlinal plane, and a cen-
tral corpus in which the cells divide in random planes. 
The primary vascular system consists of a ring of closely spaced 
collateral bundles, separated by narrow, parenchymatous rays. The 
primary phloem contains sieve tubes, companion cells, and scattered 
parenchyma. The primary xylem consists of large vessels, small tra-
cheids, and some parenchyma. Pericycle and endodermis are not well 
defined in the very young stem. 
Interfascicular cambium arises relatively early and cambial ac-
tivity soon produces an essentially continuous cylinder of secondary 
xylem, consisting of vessels, tracheids, and parenchyma. Secondary 
phloem occurs in discontinuous strands of vascular and ray elements. 
Some secondary phloem sclerenchyma is present, in addition to the 
vascular and parenchymatous elements (Fig. 7). 
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The pericycle differentiates into a broad, nearly continuous band 
of sclerenchyma, interrupted by narrow zones of parenchyma. The en-
dodermis is a single layer of cells, which contain starch in the young 
stem, but in the older stem the starch disappears and considerable 
amorphorus, stainable material accumulates. 
The cortex consists of a broad inner zone of parenchyma, a band 
of chlorenchyma, and discontinuous strips of collenchyma. The lightly 
cutinized epidermis bears abundant trichomes. Periderm arises in the 
second or third subepidermal layer of the cortex. The cork cambium 
produces typical cork and a limited amount of parenchymatous phello-
derm. 
The Root. A longitudinal section of the apex of the emerging radicle 
FIG. 7. Sector of transverse section of stem with prominent secondary vessels, well 
differentiated pericyclic sclerenchyma, and some periderm activity. X62. 
FIG. 8. Sector of transverse section of root that has had considerable secondary ac-
tivity and periderm formation. X62. 
shows a root cap, and three distinct histogens, the dermatogen, peri-
blem, and plerome. The promeristem is of the "open type," in which 
a broad, transverse initiating zone produces the root cap and the pri-
mary tissue systems of the root. Periclinal divisions occur in the 
cortical derivatives of the initiating zone and determine the thickness 
of the cortex. After cell division ceases in the inner region of the 
periblem, the endodermis becomes differentiated from the innermost 
layer of cells. 
The primary root has an exarch, tetrarch stele. The protophloem 
and protoxylem elements differentiate essentially simultaneously. The 
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preicycle and the endodermis become well differentiated early. The large 
protoxylem cells differentiate rapidly and develop a thick, lignified sec-
ondary wall. There is considerable parenchyma between the xylem 
and the phloem strands. The sieve tubes of the metaphloem are much 
larger in diameter than those in the protophloem. The diameter of 
the metaxylem cells is also greater than that of the protoxylem cells 
(Fig. 8). 
After the primary tissues of a root are clearly differentiated, lat-
eral roots arise endogenously from the meristematic cells of the peri-
cycle, opposite the protoxylem points. Cambium originates between the 
primary xylem and phloem at approximately the same level of root 
development as lateral root initiation. Cambial activity produces a 
core of secondary xylem and a comparatively thin layer of secondary 
phloem. The primary cortex is cut off early from the vascular system 
by the formation of a periderm of pericyclic derivation, and the cortex 
soon sloughs off. 
The Leaf. The upper and lower epidermal layers of the kudzu leaf 
are composed of closely fitted thick-walled rectangular cells, 4 to 15 
microns in length and 4 to 7 microns in width. In the region of the mid-
rib the cell walls are considerably reinforced. Cuticle is present on 
both surfaces of the leaf. Stomates are abundant on both surfaces, but 
they are more numerous on the lower surface. The palisade tissue 
makes up about half of the thickness of the mesophyll. The very loose 
spongy parenchyma consists of two layers of cells. The collateral vascu-
lar bundle in the midrib has cambium and some secondary tissue, 
whereas the small veinlets exhibit no secondary growth. Mechanical 
tissue is present in strands on the abaxial side of the midrib. 
THE FLOWER 
A flower arises as a dome-shaped primordium in the axil of a bract. 
The first perianth whorl to appear is the calyx, which consists at first 
of five separate lobes but which later becomes gamosepalous. Very 
early in floral ontogeny, the calyx arches over the primordia of the 
other floral structures. The petal primordia arise alternate with the 
lobes of the calyx. The keel petals develop first, wing petals next, and 
the standard last. The stamens appear soon after the initiation of petal 
primordia. Five stamens develop in advance of the other five. Pollen 
quartets are present in the first set when meiosis occurs in the later 
set. The filaments of all ten stamens are free a few millimeters below 
the anthers, but below this level nine filaments are fused into the 
staminal tube, whereas the tenth stamen remains free along its entire 
length. 
The development of the anthers in kudzu follows the pattern that 
has been described in other members of the Leguminosae. Hypodermal 
cells of the yo:ung anther undergo periclinal divisions and produce a 
parietal layer and the archesporial initials. The parietal cells undergo 
a second division and give rise to an outer layer of daughter cells, 
• 
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which become a part of the wall tissue, and an inner layer, the tapetum. 
At this stage of development the cells of the tapetum are much larger 
than the archesporial cells. The anther wall finally consists of an epi-
dermis and a zone of two or three layers of parenchymatous cells. The 
archesporial cells multiply and produce the four columns of polyhedral 
microsporocytes. After the two divisions of meiosis, the microspores 
become delimited by furrowing of the cytoplasm of the sporocyte. The 
spherical mature pollen grains have roughened walls. 
The carpel arises at the apex of the fl.oral axis as a dome-shaped 
primordium. In the early stages of development the carpel is open 
along the ventral surface, as seen in cross section. The carpel margins 
become completely united before ovule formation. 
The ovules arise as dome-shaped primordia along the margins of 
the ventral suture. The 9 to 13 ovules are arranged alternately in 
two rows. Many of the ovules abort. Growth of the ovules is most 
rapid on the basal side, consequently they curve toward the stylar 
end of the ovary and become campylotropous. The integuments appear 
simultaneously (Fig. 9). The fully developed outer integument consists 
of three cell layers, except in the region of the micropyle where it be-
comes considerably thicker by periclinal divisions. 
As many as four sporogenous cells were observed in some ovules, 
but usually only one is functional. . A linear quartet of megaspores is 
produced, and the surviving chalazal megaspore gives rise to the eight-
nucleate female gametophyte, which consists of three ephemeral anti-
podals, two polar nuclei, the egg, and two synergids (Fig. 10). 
THE SEED 
Three to four days after fertilization the proembryo consists of a 
short, massive suspensor of several tiers of cells, and a terminal globu-
lar portion (Fig. 11) . At this stage, the endosperm immediately sur-
rounding the embryo is cellular, whereas the endosperm in the chalazal 
region is still in the free nuclear condition. The nucellus has become 
almost completely absorbed at the micropylar end and along the sides. 
The nucellus at the chalazal end undergoes absorption and the inner 
integument becomes reduced to one layer of cells along the sides of 
the ovule. 
The organs of the embryo are discernible as early as ten days after 
pollination. The buds in the axils of the cotyledons, the hypocotyl, and 
the radicle are well defined, and procambial strands are clearly recogniz-
able. The endosperm is limited to a thin layer of cells along the sides 
of the embryo sac. The endosperm of the mature seed constitutes an 
unbroken covering of two to several cell layers around the embryo. 
The mucilaginous endosperm absorbs water readily and becomes swol-
len. 
The seed coat is almost entirely the product of the outer integu-
ment. The transformation of the outer integument into the seed coat 
begins in the outer epidermal cells in the micropylar and chalazal reg-
ions. Immediaely following fertilzation, the cells of the outer integ-
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ument begin rapid radial elongation. They continue to elongate until 
their length in the region of the micropyle, at the time of maturity, is 
approximately nine times their length at the time of fertilization. A 
similar elongation of the subepidermal cells takes place later along the 
sides of the developing seed. These subepidermal cells constitute the 
malpighian layer. The domes and the light-line present in other legume 
seeds are not evident in kudzu. The length of a fully mature malpighian 
cell is approximately four and one-half times its width (Fig. 12). 
Soon after the malpighian layer begins to differentiate, the next 
inner subepidermal layer differentiates into the osteosclereid layer. This 
layer consists of one row of I-shaped cells which are uniform in size 
and length. The osteosclereid layer envelops the seed except in the 
region of the hilum, where the cells undergo very little modification. 
The nutritive zone consists of several layers of cells beneath the 
osteosclereids. These cells are irregular in shape, their walls are slightly 
thickened, and they contain chloroplasts. The nutritive layer has its 
origin in the nucellus. 
The hilum is encircled by an arillate rim, which may function to 
absorb water. The strophiole is a small, elongated depression near the 
micropyle. 
DISCUSSION 
The hypocotyl of kudzu varies in length as in white clover, in 
which Erith (9) reported that the length of the hypocotyl is influenced 
by the depth of planting, intensity of light, and other external condi-
tions. ' 
The flowers of the kudzu develop essentially as in other members 
of the Leguminosae. The sequence of initiation .is sepals, petals, sta-
mens, and pistil, as reported by Guard (12) for Soja max by Goebel 
(10) for Phaseolus, and by Gregoire (11) for Lathyrus, Trifolium, and 
Lupinus. 
Coalescence of the carpel margins occurs as described by Goebel 
(10) in Phaseolus and in other legumes by Bugnon (4) in Lathyrus, 
Trifolium and Lupinus, and by Guard (12) in Soja max. Gregoire (11), 
however, did not find any distinct line between the carpellary margins 
in Lathyrus. 
The presence of four rows of cells of nucellular tissue in kudzu is 
similar. to the condition found by Martin (15) in Trifolium and Medi-
cago sativa. The destruction of the nucellus by the developing embryo 
sac in the kudzu differs from the condition found by Reeves (23) in 
Medicago sativa, by Young (31) in Melilotus alba, and by others. These 
investigators reported a complete destruction of the nucellus over the 
micropylar end of the embryo sac by the time of fertilization. 
The occasional occurrence of more than one megasporocyte was re-
ported by Reeves (23) in Medicago sativa. There is evidence that more 
than one megasporocyte may function in kudzu. In a number of ovules 
of kudzu, two embryo sacs, in the early stages of development, were 
observed. Martin (15) found that two rows of megaspores may occur 
10 
FIG. 
9. Longitudinal section of ovule showing megasporocyte and the initiation of 
integuments. X310. 
10. Female gametophyte showing antipodals, polars, synergids, egg, and four 
rows of nucellar tissue. X310. 
11. Proembryo and a portion of the endosperm. X276. 
12. Detail of seed coat, showing: C, cuticle; E, epidermis; M, malpighian cell; 
Lu, lumen; 0, osteosclereid layer; Nu, nutritive layer. X276. 
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in the same nucellus in Medicago sativa, but usually not more than one 
mature embryo sac was found. However, Martin and Watt (16) reported, 
the occurrence of the two normal embryos in a seed of Medicago sativa 
and in a seed of Melilotus alba. Jonsson (14) also found more than one 
functional embryo sac in Trifolium pratense. 
The early disappearance of antipodals in kudzu resembles the condi-
tion reported by Martin (15) in Trifolium, Medicago sativa, and Vicia 
americana, and Reeves (23) noted a similar behavior in Medicago sativa. 
In the region of the hilum of kudzu there are two palisade epidermal 
layers. They are similar to those described by Winton (30). 
The cells of the nutritive layer in the seeds of kudzu contain chloro-
plasts, which supports the statement of Pammel (19), that in Stropho-
styles pauciflorous the starch in the nutritive layer .serves to nourish the 
growing seed. ' 
In some hard seeds, water enters the interior of the seed through the 
strophiole in the initial stage of germination. This has been demonstrated 
by Martin and Watt (16) for Melilotus alba. The seed of kudzu has a 
schlerenchymatous mass of cells below the hilum, resembling the struc-
ture found in Pisum sativum, illustrated in Hayward's Figure 174 (13). 
SUMMARY 
The present study of the development and structure of the vegetative 
and reproductive organs of kudzu was undertaken to furnish a basis for 
studies in breeding, cultivation, and utilization of the plant. 
Kudzu is a coarse, hairy, stoloniferous vine with alternate, trifoliate 
compound leaves, and racemose, papilionaceous flowers. Twenty or thirty 
days are required for the completion of anthesis in one raceme. 
The order of initiation of primordia of floral organs is, sepals, petals, 
stamens, and carpel. 
The ovules arise as dome-shaped primordia along the inner margins 
of the ventral suture. The nine to thirteen campylotropous ovules develop 
simultaneously, arranged alternately in two rows. 
The sporogenous cell functions as the megasporocyte, which under-
goes meiotic divisions and produces a linear quartet of megaspores. Three 
of the megaspores disintegrate, and the surviving chalazal megaspore 
gives rise to the female gametophyte. 
The female gametophyte consists of an egg, two synergids, two 
partially coalesced polar nuclei, and three more or less disintegrated 
antipodal nuclei. The nucellus soon becomes absorbed at the micropylar 
end and along the sides. 
The proembryo has a short, massive suspensor of several tiers of cells. 
The mature embryo consists of two cotyledons, a simple leaf, a compound 
leaf, the hypocotyl, and a large radicle. The endosperm of the mature 
seed constitutes an unbroken covering of two to several cell layers around 
the embryo. 
The seed coat is almost entirely the product of the outer integument. 
The malpighian layer has no domes or light-line. The osteosclereid layer 
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consists of one row of I-shaped cells. This layer is continuous except in 
the region of the hilum. The nutritive layer contains chloroplasts. 
An arillate rim surrounds the hilum. The strophiole is a small, 
elongated depression in the region of the hilum, opposite the micropyle. 
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DETERMINATION OF AMIDE NITROGEN IN 
VITAMINS B12 AND Bi2a 
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It has been reported that vitamin B12 contains fourteen nitrogen 
atoms (2). Six of these nitrogen atoms are very weakly basic in char-
acter, for they can be titrated only in glacial acetic acid solution with 
perchloric acid (1). The absence of primary amino nitrogen was estab-
lished using the Van Slyke apparatus (3) . 
The difference in the infrared absorption spectra of vitamin B 12 
and the (reasonably pure) red, acid fragment produced by its hydro-
chloric acid hydrolysis can be explained as produced by the cleavage of 
acid amide groups. The present study was undertaken to determine the 
number of such amide groups present. A modification of the Van Slyke 
method was used in which the acetic acid-nitrite-sample mixture is made 
2N in hydrochloric acid and the reaction allowed to run for twenty-four 
hours. Under these conditions the amide group yields nitrogen, the 
volume of which is measured (5). 
EXPERIMENTAL WORK 
A commercial, Van Slyke, micro amino nitrogen apparatus (A. H. 
Thomas Company) was employed. The reaction chamber was modified 
to hold twice the usual volume. 
Crystalline vitamin B12, obtained from E. R. Squibb and Sons of 
New Brunswick, N. J., was dissolved in water and the concentration 
determined spectrophotometrically, Ei ~~1~ = 204 at 361 mµ. 
Vitamin B 12u was prepared by hydrogenation of vitamin B12 and 
oxidation of the resulting B12r (4). The crystalline B12u was dissolved 
in water. Inasmuch as the changes which go on for some time after 
B12a is dissolved in water render the spectrophotometric method of de-
termining B 120 concentration inexact, aliquots of the solution were ana-
lyzed for cobalt. The cobalt determinations were made by the nitroso-R-
salt method (6) after wet ashing. 
Preliminary analyses were made on glycine, alanine, and asparagine 
to check the operation of the apparatus and method. Blank runs were 
made on the reagents, the same periods of time being used. 
RESULTS 
The blanks, run at intervals throughout the course of the work, 
gave the following: 1.017, 1.015, 1.028, 1.007, (average 1.017) mg. of 
nitrogen. 
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The analyses made on B12 gave the data and results shown in 
Table 1. The work on B 12a is summarized in Table 2. 
An analysis was also made on chloropentamminocobalti chloride. 
No nitrogen above the blank was evolved. 
Auxiliary experiments were performed in which samples of vita-
TABLE 1 
RESULTS OF ANALYSES OF VITAMIN B12 
Wt. Taken Wt. N Obtained (Net) Nitrogen Number of 
mg. mg. Percentage Nitrogen Atoms 
------------- ------
41 .04 2. 1136 5 .15 4.96 
28 .04 1.4874 5.30 5 .11 
28.43 1 .31 51 4.63 4.46 
62 . 25 3.4496 5.50 5.28 
31 .13 1 .5353 4 .93 4.75 
mins B12 and B 12a were left for 24 hours in a solution of acetic acid 2N 
in hydrochloric acid. The solutions were then brought to pH 8.5 and 
steam distilled, the ammonia being collected and determined colori-
metrically. No ammonia was obtained, showing that no appreciable acid 
hydrolysis occurred during the 24-hour contact with the acid. 
CONCLUSIONS 
Five acid amide groups are present in both vitamin B12 and vitamin 
B12a· 
It is quite probable that these five amide groups are the source 
Wt. Cobalt 
mg. 
TABLE 2 
RESULTS OF ANALYSES OF VITAMIN B,,. 
Wt. Nitrogen Obtained (Net) 
mg-. N / Co 
____________ , ________ ·--------- ----------
5.013 
7.330 
5.987 
4.140 
5.725 
5.087 
5 .14 
5.39 
4.95 
of the five nitrogen atoms which form the ammonia liberated during 
the hydrochloric acid hydrolysis of vitamin B12• They are probably also 
five of the six weakly basic groups in the molecule, the sixth titratable 
group being one of the benzimidazole nitrogen atoms. 
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OXIDATION OF IODIDE BY AIR 
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In the course of an attempt to measure quantitatively the uptake 
of bromine by vitamins B12 and B12a, it was discovered that vitamin 
B12a catalyzes the air oxidation of iodide to free iodine. 
The velocity of the reaction and the turnover number of B12a in 
this reaction have been measured at various concentrations of B123, 
iodide, and sulfuric acid. Because it seemed possible that this catalytic 
effect is exerted through the union of B12r (in which the cobalt atom is 
bivalent) with molecular oxygen, several experiments were conducted 
to determine if B12a is a binuclear compound in which the cobalt atoms of 
two molecules of the vitamin are linked through a peroxo group. 
EXPERIMENTAL WORK 
1. Reagents. Vitamin B12a was prepared by the hydrogenation of 
crystalline vitamin B12 , obtained from E. R. Squibb and Sons, New 
Brunswick, N. J., and air oxidation of the B12r so obtained (1). The 
concentration of B12a in this solution was determined spectrophotometri-
cally at 352.5 mµ (phosphate buffer, pH 7.4, Beckman D. U. instrument). 
The value E 11 c~;,o = 150 was used. 
Oxygen-free nitrogen was obtained by passing tank nitrogen through 
a train of vanadous sulfate (2). 
2. The Reaction of B 12a with Iodide. Bl2u, potassium iodide, and 
sulfuric acid were brought together in the complete absence of oxygen. 
Any iodine liberated was titrated with thiosulfate. 
The reaction vessel used consisted of a wide-mouth, conical flask 
with two smaller necR:s. The large opening was closed by a four-hole 
rubber stopper through which were passed (a) a buret tip, (b) dropping 
funnel, (c) a gas inlet tube bearing a fritted glass dispersion cylinder at 
its lower end, and (d) a gas outlet tube leading to a water trap outside 
the flask. Platinum and saturated calomel electrodes were introduced 
through the smaller side arms. 
The solution of potassium iodide was placed in the flask and, with 
magnetic stirring, was deaerated by the passage of a slow stream of 
oxygen-free nitrogen through the solution for two hours. Concurrently, 
dilute sulfuric acid, placed in the dropping funnel, was deaerated by 
bubbling through it a slow stream of oxygen-free nitrogen. The sodium 
thiosulfate solution, stored in a Machlett buret, had previously been 
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freed of dissolved oxygen in a similar manner. Immediately preceding 
the reaction, crystalline B 120 was dissolved in carefully deaerated water. 
Aliquots of this were introduced into the reaction vessel using a pipet 
previously flushed with nitrogen. Other aliquots were taken for a 
spectrophotometric measurement of the B 12a content. Sulfuric acid was 
then added to the reaction mixture. After an interval of several hours 
any iodine liberated was titrated potentiometrically with thiosulfate. 
The thiosulfate solution (approximately 0.001 N) was standardized 
potentiometrically by the titration of aliquots of a standard potassium 
iodate solution treated with potassium iodide and hydrochloric acid. The 
potassium iodate solution was prepared by weight from primary standard 
material. 
A typical reaction mixture contained 0.0135 g. of B l2n, 10.00 g. of 
potassium iodide, and 10.0 ml. of 4.0 N sulfuric acid, all in a total volume 
of 235 ml. 
It was necessary to take rigid precautions to exclude oxygen; in 
particular, the nitrogen was bubbled through the vanadous sulfate train 
very slowly and all rubber tubing was eliminated from the gas train. 
No iodine was liberated under these conditions. It was found, how-
ever, that the addition of thiosulfate to the completely deaerated reaction 
mixture resulted in a slow disappearance of the typical orange-red color 
of B 1 20 and the formation of a yellow-brown color similar to that of B 12r 
obtained by hydrogenation. The B 1 2a color was readily restored on the 
introduction of air, and the formation of free iodine rapidly followed. 
3. The Catalytic Action of B12a on the Oxidation of Iodide by Air. 
Effect of Varying Conditions. A solution of potassium iodide, containing 
also the starch indicator, was placed in a 500 ml. wide-mouth, conical 
flask equipped with a three-hole rubber stopper through which passed 
a gas inlet tube, buret tip, and outlet tube. The solution was stirred 
vigorously magnetically. The gas inlet tube ended in a fritted glass 
dispersion cylinder. The solution was deaerated for 20 minutes with 
oxygen-free nitrogen. Oxygen-free sulfuric acid was then pipetted 
into the flask through the outlet tube. The B 120 solution was then added. 
The flow of nitrogen was stopped, a stream of air was started through 
the solution, and zero time was taken. The air was delivered under 
constant pressure, atmospheric pressure plus 5 cm. of mercury, obtained 
by the usual T-tube pressure regulator. After 5.0 minutes, the air stream 
was replaced abruptly by a stream of nitrogen. This was continued 5.0 
minutes. The free iodine was then titrated with standard thiosulfate, the 
latter being stored under oxygen-free nitrogen in a Machlett buret and 
delivered to the reaction vessel without exposure to air. A small stream 
of nitrogen was continued during the titration. 
The total volume in each reaction was 320 ml. In the course of the 
study, the quantities of B120, potassium iodide, and sulfuric acid were 
varied as described below. Ten ml. of a 1 per cent solution of starch 
was added in each case. The sodium thiosulfate solution (0.0095 N) was 
standardized by titrating aliquots of a standard solution of potassium 
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iodate treated with excess potassium iodide and hydrochloric acid; this 
thiosulfate solution remained constant in concentration for over a month. 
A 1 per cent solution of starch served as indicator. 
The experiments were all run at room temperature, 27° ± 2°. No 
closer attention was paid to temperature inasmuch as a larger source of 
error is inherent in the method; see below under results. In several 
experiments the gases leaving the reaction vessel were bubbled through 
a solution of potassium iodide; no iodine was collected in this trap in 
any of the runs. 
(a) Variation of B 12u Concentration. In each reaction mixture, the 
solution contained 10.00 ml. of 4.357 N sulfuric acid (final concentration: 
0.136 N), 10.00 g. of potassium iodide, and 10.0 ml. of 1 per cent starch. 
The amount of B12u (aliquots of solutions standardized spectrophoto-
metrically) varied from 11 µg. to 448 µg. The total volume of the solution 
was 320 ml. The results of this series of experiments are shown in 
Figure 1. 
(b) Variation of Potassium Iodide Concentration. In each reaction 
mixture was placed 79.0 µg. of B128 , 10.00 ml. of 4.357 N sulfuric acid, 
and 10.0 ml. of 1 per cent starch. The amount of potassium iodide was 
varied from 2.0 to 35.0 g. The results are shown in Figure 2. 
(c) Variation of Sulfuric Acid Concentration. In each reaction 
mixture was placed 122 µg. of B12a, 10.00 g. of potassium iodide, and 
10.0 ml. of 1 per cent starch. The concentration of sulfuric acid in the 
final solution was varied from 0.0136 N to 0.272 N. The results are 
shown in Figure 3. 
(d) Effect of Aging the B12n Solution. Crystalline B 12a was dissolved 
in water, and aliquots of the solution were taken at intervals for 
spectrophotometric measurement and for a determination of its catalytic 
effect. The spectrophotometric measurements were made on a solution 
buffered at pH 7.4 with 0.2 M phosphate. The conditions for catalysis 
determinations were held constant: 320 ml. total volume, 10.0 ml. of 
4.357 N sulfuric acid, 10.0 g. of potassium iodide, 10 ml. of 1 per cent 
starch, 5.0 minutes aeration, and 5 minutes sweeping with nitrogen. 
4. B 12 as Catalyst. Using the same conditions given above in (a), 
B 12 was substituted for B 12u· Only very small amounts of iodine were 
liberated. An appreciable amount of iodine was liberated when a beam 
of light from a carbon arc was directed into the flask. 
5. The Reduction of B 1 2a by Thiosulfate. Titration of B m · An excess. 
of standard soduim thiosulfate was added to an oxygen-free solution 
of 2.62 mg. of B12n and 10 ml. of 4.0 N sulfuric acid. On standing, the· 
solution changed in color from orange-red to yellow-brown. After 3 
hours the solution was titrated potentiometrically with iodine. The iodine 
required was equal to that required for the titration of the thiosulfate 
alone. The reduction of B12n by thiosulfate is reversible in agreement 
with the observation reported in section 2 (last paragraph) above. Thio-
sulfate is a stronger reducing agent than B12r and both are oxidized by 
the iodine. 
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A solution of Bi2 r was prepared by the catalytic hydrogenation of 
B12 using the apparatus of Diehl and Murie (3). An aliquot of this 
solution containing 4.34 mg. of B12, was transferred to an oxygen-free 
solution containing 10 ml. of 4.0 N sulfuric acid in 200 ml. of water. The 
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FIG. 1. Catalytic oxidation of iodide by air as a function of the amount of B12a present. 
B12r was then titrated potentiometrically with standard iodine. A smooth 
titration curve was obtained, one equivalent of oxidizing agent per mole 
of B12 r being required. The potential at the mid-point of the titration was 
+ 0.25 volts on the hydrogen scale. This is higher than the + 0.09 volts 
found by Diehl and Murie (3) in the titration of B 12r with ferricyanide 
I 
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in neutral solution, the difference undoubtedly resulting from a difference 
in the acidity of the solution. 
RESULTS 
From the volume and concentration of thiosulfate used and the 
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FrG. 2. Catalytic oxidation of iodide by air as a function of potassium iodide 
concentration. 
time of the reaction, the velocity of the reaction was calculated as mil-
!iequivalents of iodine liberated per minute. The turnover numbers 
reported were obtained by dividing the velocity by the number of milli-
moles of B12a present, the molecular weight of B12a being taken as 1350. 
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The effect of B 12a concentration on the velocity of the reaction and 
on the turnover number is shown in Figure 1. The velocity increases 
as the concentration of B12a increases. The turnover number, however, 
decreases with increasing amounts of B12a. The failure of the velocity 
to maintain a uniform increase, and the decrease in the turnover number, 
at higher concentrations of B12a probably results from the lack of 
sufficient oxygen to maintain maximum activity at higher concentrations 
of B12a · 
The values reported for velocity and turnover number show con-
siderable variation, as much as twenty per cent between the high and 
low observations of duplicate experiments in one instance. This resulted 
largely because the method of quenching the reaction was not entirely 
satisfactory; that is, the displacement of oxygen from the solution by 
a stream of nitrogen does not stop the reaction sharply. Auxiliary ex-
periments showed that the reaction continued approximately three min-
utes after the air stream was replaced by nitrogen. The time intervals 
and rates of gas fl.ow and stirring were held constant in all of the runs 
however. 
As seen from Figures 2 and 3, velocity and turnover number increase 
with increasing concentration of potassium iodide and with increasing 
concentration of acid. In a neutral solution, pH 7, phosphate buffer, no 
oxidation of iodide occurred at all. 
Data showing the change in the position of the absorption peak and 
in absorbancy, together with turnover numbers as a function of time, 
are shown in Table 1. The differences in turnover number are of the 
order of accuracy of the experimental work and indicate that no ap-
preciable variation in catalytic power of B12• occurs on aging. 
DISCUSSION 
VITAMIN B,,,. AS AN OXYGEN CARRIER 
Oxygen-carrying cobalt compounds have been described, notably 
the derivatives of disalicylalethylenediimine (4), of a cobaltous chloride-
ammonia-ammonium chloride mixture (5), and the cobaltous derivatives 
of histidine (6). That B120, which results from the action of oxygen 
on the bivalent cobalt compound B 12n might be a reversible, oxygen-
carrier is not inconceivable. As such, it should contain molecular oxygen 
in the form of a peroxo group linking together two cobalt atoms. Such 
peroxo groups react with iodide to form free iodine. The failure of B12u 
to liberate iodine, as shown experimentally above, leads us to believe 
that B12a does not possess a peroxo linkage. Several other observations 
which bear on this subject are worth recording. 
The diamagnetic character of B12a can be interpreted either as 
trivalent cobalt or as oxygenated bivalent cobalt (7). The passage of 
oxygen-free nitrogen through a solution of B12a at room temperature 
does not effect a change in the absorption spectrum of B 12. , either in the 
visible or the ultraviolet, as might be expected if oxygen were being re-
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moved and brown B12 r re-forming. Moreover, the characteristics of the 
polarograph wave of B12n are not changed on the addition or removc\l of 
oxygen from the solution. 
A peroxo group present in B12a would be expected to pass to molec-
ular oxygen on the conversion of B120 to B12 by treatment with cyanide. 
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Fm. 3. Catalytic oxidation of iodide by air as a function of sulfuric acid concentration. 
No evolution of gas occurs during this conversion, however, providing 
further support for the absence of a peroxo group. 
The molecular weight of vitamin B 12a has not been determined. 
Direct methods for its measurement involving aqueous solutions are 
unlikely to succeed owing to the changes B 12a undergoes when dissolved 
in aqueous media. Indirect evidence from measurements of the diffusion 
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..:onstants (8) leads to a value twice as great as for B12, although the value 
obt<iined for B12 is seriously in error (550 instead of 1350), probably 
because of departures from the conditions assumed in applying the 
Stokes-Einstein equation. 
Crystalline B12a dissolved in water undergoes a change which is 
approximately 50 per cent complete at the end of the first day and nearly 
complete after ten days. The electrical conductance increases, the pH 
rises, and the absorption peak in the neighborhood of 355 mµ is shifted 
TABLE 1 
VARIATION JN ABSORPTION MAXIMUM, ABSORBANCY AN D TURNOVER NUMBER OF B.,. 
SOLUTION ON STANDING• 
Absorption Turnover Number 
Time Ma'{imum Maximum Equiv. 1° per min. 
Hours mµ Absorbancy per mole of B12a 
---------- . ---- ------
0.5 357- 58 0.374 73 .5 
2.5 356- 58 .362 64.8 
5 .2 356- 57 .356 64 .2 
7 .2 355- 56 .353 65 .4 
11. 2 354-56 .354 48 .1 
13 . 5 354- 55 .356 62 .8 
19 .3 354-55 .354 67 .2 
25 .6 353- 55 .357 60.4 
31.0 353- 55 . 357 70 .8 
36 .0 353- 55 .360 63 .4 
48 .0 353- 54 .366 64 .2 
73 .0 353 .366 ..... . ' ... ..... 
* Phosphate buffers, pH 7.4. 
toward the lower wave lengths. Inasmuch as only one titratable hydroxyl 
is present initially and after standing, and because the values for Kb are 
somewhat different, the change is quite probably the replacement of a 
hydroxyl group in the coordination sphere about the cobalt atom by a 
molecule of water. This has already been suggested by the British 
Drug House group (9). It might well be expected that the catalytic 
effect on the air oxidation of iodide would depend on the extent of this 
change after dissolution of the B12u crystals. As indicated above, how-
ever, experiments showed no significant variation with time. 
THE CATALYTIC BEHAVIOR OF B,,. 
The variation in the velocity of the oxidation of iodide to free iodine 
by air with changing iodide concentration, Figure 2, resembles similar 
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plots for enzymatic reactions. A plot of reciprocal velocity against re-
ciprocal iodide concentration yielded a straight line, Figure 4, in agree-
ment with simple enzyme theory (10). The value obtained for the 
dissociation constant of the B12a-l- complex (enzyme-substrate complex), 
K s = 0.396 M, is large in comparison with K s values of most enzyme-
substrate complexes. 
The over-all reaction, of course, involves the hydrogen ion, 0 2 + 4H' 
+ 41- = 41° + 2H20, so that it is not surprising to find the reaction 
dependent on the hydrogen ion concentration. A plot of reciprocal 
1,600,000 
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400,000 
Ys 
FIG. 4. Catalytic oxidation of iodide by air; plot of reciprocal velocity, v, (moles per 
liter per minute) against reciprocal iodide concentration, S, (moles per liter) . Cal-
culated from data of Figure 2. K , = 0.40 M; V = 8.3 X 10_. moles 1° per minute 
(maximum velocity). 
velocity against reciprocal acid concentration gave a straight line indi-
cating that only one hydrogen ion enters into the rate controlling step, 
Figure 5. Considering sulfuric acid as the substrate, the dissociation 
constant has the value, K . = 0.430 M. 
Cyanide acts as an inhibitor for this enzymatic system, for B12 which 
is formed by the addition of cyanide to B12a is inactive as a catalyst. 
It has been demonstrated that cyanide is detached from B12 by irradiation 
with ultraviolet light (11) , and this is in accord with the catalysis 
observed when the iodide-sulfuric acid-air-B12 solution was irradiated. 
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Using the technique employed in this work, it is impossible to study 
this inhibition quantitatively, for hydrogen cyanide would be rapidly 
swept away from an acid solution by the air stream passing through the 
solution. 
Preliminary attempts to obtain oxidation under more nearly physio-
logical conditions were performed by including several pure proteins 
in the reaction mixture with the objective of providing a carrier which 
might change the conditions of acidity under which the catalysis by 
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FIG. 5. Catalytic oxidation of iodide by air; plot of reciprocal velocity, v, (moles per 
liter per minute) against reciprocal sulfuric acid concentration, S, (equivalents per 
liter). Calculated from data of Figure 3. K , = 0.43 M; V = 1.7 X 10-• moles of 1° per 
minute (maximum velocity) . 
B 12a occurs. No significant oxidation occurred, even in periods of time 
up to 25 minutes and pH values down to 2.5. Nor did histidine activate 
the catalyst in neutral solution. It seems quite possible, however, that 
B12 a might have physiological significance in oxidative processes involv-
ing iodine. 
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SUMMARY 
Vitamin B12a catalyzes the oxidation of iodide to free iodine by air 
in acid solution. 
The rate at which the_ air oxidation of iodide occurs was measured 
at various concentrations of B12a, potassium iodide and sulfuric acid. 
The system resembles an enyzmatic system inasmuch as plots of 
the reciprocal velocity versus reciprocal substrate concentration yield 
a straight line, considering potassium iodide and sulfuric acid as sub-
strates. Values for the dissociation constant of the enzyme-substrate 
complex were obtained. 
Vitamin B 1 2 does not catalyze the air oxidation of iodide and there-
fore cyanide may be considered as a poison in this system. 
It was postulated that the catalytic behavior of vitamin B 12 a involves 
the addition of molecular oxygen to the bivalent cobalt atoms of B 12r, 
forming a binuclear compound in which two cobalt atoms are linked 
through a peroxo group. Vitamin B 120 , however, under completely 
oxygen-free conditions failed to oxidize iodide in acid solution and there-
fore cannot, itself, contain a peroxo group. 
Other information relative to the nature of B 12a is presented. 
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THE NATURE OF THE SPARING PHENOMENON 
III. Agglutination of Duck Erythrocytes by Chicken Plasma Potentiated 
With Alcoholic Extract of Horse Kidney; in Vivo Tests1 
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It has been shown (1) that the hemagglutinin titer in duck erythro-
cyte-fresh chicken plasma reactions is usually decreased in the presence 
of duck organ (liver, etc.) extract or duck plasma seromucoid, but in 
a few instances it is increased. Since the duck organ extract was prepared 
by Brunius' (2) method for obtaining "source material" of the Forssman 
hapten from horse kidney, a study of the possible identity of hemag-
glutinin-inhibitor and Forssman substance was indicated. The work 
which led to identifying hemagglutinin-inhibiton with the sparing phe-
nomenon (3) suggested the in vivo tests carried out on chicks in this 
study. Jacobs ( 4) has reported the negative results of attempts to in-
crease resistance of ducklings to Plasmodium fophurae by preliminary 
treatment with materials containing the Forssman hapten. 
METHODS 
Fresh kidneys obtained from horses sacrificed in the veterinary 
clinic were brought to the laboratory and, after removal of visible fat, 
were finely ground. The tissue was subjected to acetone and alcohol 
extractions as in the case of duck liver (1). The final product in aqueous 
solution, henceforth called HKE (horse kidney extract) , was preserved 
at -20°C. One cc. of HKE was equivalent to 1 g. of kidney. The pro-
cedure employed in the in vitro tests for comparing hemagglutinin titers 
in the presence of physiological salt solution and of HKE was patterned 
after previous tests (1, 5). The experiments were carried out at ordinary 
room temperatures. The donors of the chicken plasma varied from four 
to nine months of age. Chicken plasma and HKE dilutions were thor-
oughly mixed and allowed to react for about two hours before the 1: 50 
duck erythrocyte suspension ("duck RBC") was added. Degrees of 
agglutination recorded in tables were read at the time of greatest differ-
ences observed. 
1 This investigation was supported (in part) by grants from the Industrial Science 
Research Institute, Iowa State College, and the Division of Research Grants and 
Fellowships of the National Institute of Health, United States Public Health Service. 
The cooperation of Drs. G. R. Fowler, M. A. Emmerson, E. A. Benbrook, W. H. 
Chivers, and F. K. Ramsey of the Veterinary Division in obtaining the fresh horse 
kidneys is gratefully acknowledged. 
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The procedure for studying the effect of HKE on duck cells para-
sitized with P. lophurae in the blood stream of chicks 8-11 days of age 
was also patterned after that employed in previous tests (3, 6, 7). HKE 
was injected into a wing vein of the chick about an hour before the para-
sitized duck erythrocytes. 
RESULTS 
Numerous tests were made with HKE prepared from kidneys of five 
horses. Positive potentiating effects of HKE on agglutination of duck 
erythrocytes by fresh chicken plasmas were observed in the case of 29 
of 40 plasmas tested. Five of the plasmas did not agglutinate duck 
erythrocytes at concentrations up to 30 per cent, and six of them that 
did agglutinate did not exhibit the potentiating effect when supplemented 
with HKE. None of the chick plasmas employed had been frozen, 
because freezing usually increases the titer (1), and the titers of such 
enhanced plasmas, as was observed repeatedly, cannot be further po-
tentiated with HKE. 
The pertinent data for an experiment in which the combinations 
of chicken plasma and HKE were strikingly reactive appear in Table 1. 
In this instance the potentiating effect was observable when HKE con-
stituted but one part in 2560. Titers of 2560 were unusual; most of them 
were between 16 and 256. The optimum amount of chicken plasma to 
be used was found to be 0.2 cc., for this amount definitely agglutinated 
duck erythrocytes (tubes 5, 12, 21), while half as much (tube 22) barely 
agglutinated them. In general, chicken plasmas which did not agglutinate 
at least feebly in amounts of 0.5, 0.1, 0.2 or 0.3 cc. would not agglutinate 
when supplemented with HKE, nor would dilutions of agglutinating 
plasmas which were too weak to agglutinate on standing for several 
hours, or which agglutinated feebly. The various dilutions of HKE 
(tubes 2, 4, 7, 9, 11, 14, 16, 20) did not of themselves possess the power 
of hemagglutination. 
In Table 2 appear the pertinent data for an experiment testing the 
effect of duration of interaction between a plasma known to possess 
hemagglutinating properties and various concentrations of a 1: 4 dilution 
of HKE. The readings for each strength of plasma were all made after 
the same time interval, about eight minutes after the erythrocyte sus-
pension was added, beginning with the four-minute series. This chicken 
plasma did not agglutinate well in 0.1-cc. amounts either by itself or 
supplemented with HKE. In 0.2-amounts, however, it definitely ag-
glutinated at 4 minutes, and the reaction progressed over a period of 
15 hours. 
There were two chickens (A and B) of the 40 whose plasma con-
sistently showed "prezoning" with the duck cells available; i.e., the 
stronger concentrations showed weaker agglutinations than the weaker 
concentrations, up to a certain point. Comparisons of the degree of 
agglutination in tube 18 of Table 3, Part 1, with that in tube 12, and that 
in tube 12 with.that in tube 6 are good illustrations of the phenomenon. 
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Part 1 and Part 2 of Table 3 record the results of testing the effect of 
four dilutions of HKE on hemagglutination in the presence of several 
concentrations of plasmas that exhibited prezoning. The table shows 
the following points clearly: (1) The degree of agglutination by the two 
untreated chicken plasmas decreased as their concentration increased; 
TABLE 1 
D EGREE OF AGGLUTINATION OF D ucK ERYTHROCYTES BY CmcKEN PLASMA IN PRESENCE oF 
H ORSE KIDNEY EXTRACT (HKE) 
0 .85 HKE 
Tube Plasma Per Cent Duck Degree.of 
No. Ch . C cl' NaCl Cone. Amt. RBC Agglutination 
1. ... . . 0 . 2 0 .4 1/ 1 0 . 2 0 . 2 XX( - ) 
2 . . .... . . . . . . . . . . 0 .6 1/ 1 0 . 2 0 . 2 0 
3 .. . .. . 0 . 2 0.5 1/ 1 0.1 0.2 XXX (+ ) 
4 . .... . . . . . . . . . . . 0 .7 1/ 1 0 .1 0 . 2 0 
5 .. . . . . 0 . 2 0 .6 . . . . . . . . ... . . . . . ...... 0.2 x 
6 ..... . 0.2 0 .5 1/ 2 0 .1 0 . 2 * 
7 . . .... . . ..... . . 0. 7 1; 2 0.1 0 . 2 0 
8 .... .. 0 .2 0 . 5 1/ 4 0 .1 0 . 2 * 
9 . .. . . . . . . . . . ..... 0 .7 1/ 4 0 . 1 0 . 2 0 
10 .. . . . . 0 .2 0 . 5 1/ 8 0.1 0 . 2 * 
11 . . . .. . . . .... . .. . . 0 .7 1/ 8 0 . 1 0 . 2 0 
12 ... . . . 0 . 2 0 .6 . . . . . . . . . . . .. . . . 0 . 2 x 
13 . . . . . . 0 . 2 0 . 5 1/ 16 0 . 1 0 . 2 * 
14 .. . . . . . . . ...... 0 .7 1/ 16 0.1 0 . 2 0 
15 .... . . 0.2 0 . 5 1/ 32 0 . 1 0.2 * 
16 . .. . . . .. .. ... . . . . 0. 7 1/ 32 0 . 1 0 . 2 0 
17 . ..... 0 . 2 0 .5 1/64 0 . 1 0 . 2 * 
18 .. .. .. 0 .2 0 . 5 1/ 128 0 . 1 0 . 2 * 
19 .... . . 0 . 2 0 . 5 1/ 256 0 . 1 0 . 2 X (+ ) 
20 .... . . . . . . . . . . . . . 0 .7 1/ 256 0 . 1 0 . 2 0 
21 . ..... 0 . 2 0.6 . . . . . . . . . . . . .... .... . . 0 . 2 x 
22 .. . .. . 0 . 1 0 . 7 . . . . . . . . ... . ..... . . . . 0 . 2 ± 
23 ..... . 0 . 3 0 . 5 . .... . ... . . . . . . . . . . .. . 0.2 X (+ ) 
* Tubes 6, 8, 10, 13, 15, 17, and 18 showed an almost perfectly graded series of decreasing 
degrees of agglutination between XXX ( + ) of tube 3 and X ( + ) of tube 19. 
(2) in the case of each concentration of plasma, except 0.1 cc. of chick A, 
treatment with HKE increased the degree of agglutination very strikingly; 
(3) the degree of agglutination by the treated plasmas increased with 
the concentration of the plasmas. The evidence for the latter is the 
comparison of the agglutinations in tubes 2-5, tubes 8-10, and tubes 
14-16 of Part 1 and in tubes 1, 2, 4, 5, tubes 6, 7, 9, 10, and tubes 11, 12 
14, 15 of Part 2. 
In tubes 2-5 of Part 1 the potency of the chicken plasma was slightly · 
reduced by HKE, and in tubes 1, 2, 4, 5 of Part 2 it was not affected. 
Similar inhibitions have been observed in other instances with either 
I 
TABLE 2 
DEGREE OF AGGLUTINATION OF DucK ERYTHROCYTES BY CHICKEN PLASMA IN PRESENCE OF H ORSE KIDNEY EXTRACT (HKE) FOR 
15-HR., 2-HR., 1-HR., 15-MIN., AND 4-MIN. INTERVALS 
0 . 85 D egree of Agglutination 
Plasma Per Cent 
Tube N o. Ch. D ~ NaCl HKE (1/ 4) Duck RBC 15 hr. 2 hr. 1 hr. 15 min. 
1. . .. . . . . ... 0 . 1 0 . 60 0 . 10 0.2 ± ± ± ± 
2 . .. . . . . . . . 0 1 0.50 0 . 20 . 0.2 + ± ± ± 
3 . . . . ....... 0.1 0 .70 . . . . . . . . . . . . 0.2 ± ± ± ± 
4 . .. . . ... 0 . 1 0 . 65 0 . 05 0 . 2 + + + ± 
5 .. .... . . . 0 .2 0 . 50 0 . 10 0 . 2 xx xx xxx xx x 
6 .. .. . . . . . ' 0 . 2 0.40 0.20 0.2 xxxx xxx xx x 
7 .. . . . . . . . . 0 . 2 0.60 . . . . . . . . . ... 0 . 2 x x X(- ) x 
8 .. . . . . . .... 0.2 0 . 55 0 . 05 0.2 xxxx xxx xxx x 
--
4 min. 
0 
0 
0 
0 
X(- ) 
X(- ) 
X(- ) 
X(- ) 
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low concentrations of plasma or strong concentrations of HKE. Too 
strong a concentration of HKE often gels the chicken plasma. 
The retarding influence of duck plasma on the agglutination of duck 
TABLE 3 
D EGREE OF AGGLUTINATION OF D ucK ERYTHROCYTES BY CmcKEN PLASMA IN PRESENCE OF 
HORSE KIDNEY EXTRACT (HKE), WHEN PREZONING O CCURS 
PART 1 
0 .85 
Plasma Per Cent Duck D egree of 
Tube No. Ch. A r:J' NaCl HKE (1/ 1) RBC Agglutination 
1. .. . .. .. . .. ... 0 .1 0 .70 0 .2 X(+) 
2 .. . 0 .1 0 .65 0 .05 0 .2 x 
3 . . . ' · ... .. .... 0 .1 0 .60 0 .10 0 .2 x 
4 " . . . 0 .1 0 .50 0.20 0 .2 x 
5. 0 .1 0 .20 0 .50 0.2 x 
6. " 0 .1 0 .70 ......... 0 .2 X(+) 
7 .. 0 .2 0 .60 0 .2 x 
8 . 0 .2 0 .55 0 .05 0 .2 xx 
9 " 0.2 0 .50 0.10 0.2 xx 
10 " 0 .2 0 .40 0 .20 0 .2 xx 
11 " .... . . . .. ... 0 .2 0 .10 0 .50 0 .2 gelled 
12 " 0 .2 0 .60 0 2 x 
13 .... .. ... 0 .3 0 .50 ....... 0 .2 ± 
14 " ... 0 .3 0 .45 0 .05 0 .2 xxx 
15 ....... 0 .3 0 .40 0 .10 0 .2 xxx 
16" .. 0 .3 0 .30 0 .20 0.2 xxx 
17 . " .. 0 .3 . ..... 0 .50 0 .2 gelled 
18 .... . .... . . 0.3 0 .50 0 .2 ± 
P AR1 2 
0 .85 
Plasma Per Cent Duck D egree of 
Tube No. ,Ch. B 9 NaCl HKE (1/ 1) RBC Agglutination 
1." . 0 .1 0 .6 0 .1 0 .2 xxx 
2 .. .. . 0 .1 0 .5 0 .2 0.2 xxx 
3." .. . . . . . . . . . 0 .1 0 .7 0 .2 xxx 
4 . ... 0 .1 0 .4 0 .3 0 .2 xxx 
5 . ............. 0 .1 0 .2 0 .5 0 .2 xxx 
6 " ... 0 .2 0 .5 0 .1 0 .2 xxxx (-) 
7" .... 0 .2 0 .4 0. 2 0 .2 xxxx (-) 
8 " ... . 0 .2 0 .6 0 .2 xx 
9 .. .. ....... . .. 0 .2 0 .3 0 .3 0 .2 xxxx (- ) 
10 .. .... 0 .2 0 .1 0 .5 0 .2 xxxx (- ) 
11 .. ..... .. .... 0 .3 0.4 0 .1 0 . 2 xx xx 
12 ...... ..... .. . 0 .3 0. 3 0 .2 0 .2 xx xx 
13. " . 0.3 0 .5 0 .2 ± 
14 .. 0 .3 0.2 0 .3 0 .2 xx xx 
15 . . . . .. .... . . .. 0. 3 0 .5 0 .2 xxxx 
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erythrocytes by certain (fresh and unfrozen) chicken plasmas has been 
reported (3, 6, 7) . A comparison (Table 4) of the readings for six chicken 
plasmas in line A with those in line C illustrates the hemagglutinin-
inhibition phenomenon. A comparison of readings for the same six 
plasmas in line A with those in line B illustrates again the potentiating 
effect of HKE which has been discussed above. The problem of which 
reagent, duck-plasma inhibitor or horse-kidney potentiator, would dom-
inate naturally presented itself. One cc. of HKE followed by one cc. 
of duck plasma was added to each tube in the test with the six plasmas, 
and the mixtures shaken immediately in the mechanical shaker. A com-
parison of the readings in line D with those in lines A, B, and C shows 
that in the presence of duck plasma, HKE was not only unable to assert 
its intrinsic potentiating properties (line B), but it was also unable to 
deter duck plasma from exerting all or a large proportion of its inhibiting 
influence (lines C and D). In the case of the plasma of chick H only, 
did duck plasma in the presence of HKE fail to hold the intensity of 
the agglutination down to that produced by the unsupplemented plasma, 
or below, and here the difference was very slight. 
Since the in vitro potentiating effect of HKE had been observed in 
the case of almost three-fourths of the chicken plasmas tested, it was 
hoped that it would be possible to demonstrate some degree of inhibition 
of the development of P. lophurae by injecting the chick hosts intra-
venously with HKE. The possibility of obtaining such an in vivo effect 
was considered good in view of the fact that the sparing phenomenon 
had been produced in chicks by injecting them with duck plasma or duck 
seromucoid that had exhibited hemagglutinin-inhibition in vitro (3). 
Series 1 and 2 test birds received HKE at the rate of 1.0 cc./ 100 g. body 
weight daily beginning an hour before injection; those of series 3 and 4, 
2.0 cc./ 100 g. body weight. 
The results of the four series of tests involving 52 test birds and 53 
controls are recorded in Table 5. A careful inspection of the data for 
test and control groups which takes standard deviations into consideration 
leads only to the conclusion that the injected HKE did not influence sig-
nificantly the course of P. lophurae infection in the chicks. 
DISCUSSION 
The horse kidney extract (HKE) which exhibited the potentiating 
effect in mixtures of duck erythrocytes and dilutions of chicken plasma 
was, as previously stated, prepared by a method which has been used 
for obtaining the so-called Forssman hapten. The latter substance pre-
pared from guinea pig or horse kidney is known to inhibit hemolysis of 
sheep cells by the serum of rabbits immunized to sheep cells and to fix 
complement in complement fixation tests utilizing sheep cells and anti-
rabbit serum (Bruni us, 2). Hence its role in potentiating hemagglutinin 
was unexpected. As shown in Table 1, HKE by itself did not agglutinate 
chicken red cells. The reaction between HKE and agglutinating plasma 
is protracted, and requires between 2 and 15 hours for its completion. 
TABLE 4 
D EGREE OF AGGLUTINATION OF D ucK ERYTHROCYTES BY Six FRESH AND UNFROZEN CmcKEN PLASMAS IN PRESENCE OF SUPPLEMENTS OF 
(A) SALINE, (B) HKE, (C ) D ucK PLASMA, AND (D ) D ucK PLASMA AND HKE 
Source of Chicken Plasma 
Components R ea cting With Duck RBC Ch. E <;.> Ch. F cl' Ch . G cl' C h . H cl' Ch. I <;.> Ch. J cl' 
A . Chicken plasma (0.2cc) ........... .. . . . . . . . . . . . .. xx xx ± x xxx xx 
B. Chicken plasma (0.2cc) + HKE (0.l cc) .. .. . . . . . . . 
·I xxx xxx + xxx xxxx xxxx 
C. C hicken plasma (0.2cc) + duck plasma (O. lcc) . .. . . . ± ± 0 ± xx ± 
D. Chicken plasma (0.2cc) + duck plasm a (O.lcc) 
+ HKE (O.lcc) . . . .. .. .. .. . . . . . . . . . . . . . . . . . . . . .. ± ± ± X(+) xx + 
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Certain fresh chicken plasmas exhibit the prezoning effect; e.g., 
0.3 cc. of such a plasma may show less potency in agglutinating duck 
red cells than 0.2 cc., and 0.2 cc. in turn less than 0.1 cc., etc. Additions 
of appropriate amounts of HKE to such dilutions of chicken plasma 
potentiates hemagglutination so that a higher concentration shows a 
higher degree of agglutination than a lower concentration. This unmask-
ing of the true hemagglutinin potency of the chicken plasma by HKE is 
the true explanation of the potentiating effect. As is shown in Table 3, 
TABLE 5 
M EAN P ERCENTAGE OF I NFECTED CELLS WITH STANDARD D EVI ATIONS D URING INFECTION 
W1TH P(asmodium lophurae I N TEST CHICKS R ECEIVI NG HKE AND CONTROLS R ECEIVING 
EQUIVALE NT AMOUNTS OF SALINE SOLUTION 
(Number of chicks in each group appears at bottom of column.) 
T ime After Series 1 Series 2 Series 3 Series 4 
Inoculation 
Test Control Test Control Test Control T est Control 
3 min .. ... 0 .23 0.32 0 .31 0 . 35 . ..... . . . . . . . . . .. . . . . . . . . .. 
±0. 15 ±0 . 27 ±0.06 ±0. 15 
1 hour ..... . . . . . . . . . . . . . . . . . ... . .. . .... . . . 0 .2 0.04 0 .84 0.77 
±0 21 ±0 . 05 ±0 . 32 ±0.32 
1 day . . . . . . 0 .05 0 . 11 0.04 0 . 07 0 .14 0 . 07 0 .65 0.86 
±0 .08 ±0.21 ±0.08 ±0 .09 ±0. 14 ±0.06 ±0 .71 ±0 .72 
2 days .. . .. . . . . . . . . . . . . . . . . . .... . .... . . . 0 .5 0 . 22 0.84 1.04 
±0 .36 ±0 . 17 ±0 . 99 ±0 .84 
3 days ..... 0.3 0 .4 0 .13 0.36 . . .. . .. . . . . 4 . 9 6. 1 
±0 .59 ±0 .81 ±0. 18 ±0 .37 ±5.2 ±5.1 
4 days . ... . 0 .64 1 . 1 0.2 0 .68 6 7 2 .9 20 . 5 20.5 
±0 .96 ±2 . 1 ±0 .32 ±0 .84 ±5 5 ± 1 .6 ±20 .0 ±17 .0 
5 days . .. 0.74 0 .83 . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 27. 5 27 .8 
±1.31 ± 1 . 19 ± 23.7 ±20 .7 
6 days . . ... 1 . 2 1 . 13 3.4 7. 0 29.0 24 . 5 49 .1 43 . 3 
±1 . 7 ± 1 .6 ±5 .7 ±8 . 7 ±6 .6 ±8.9 ±21. 7 ±22.1 
7 days . .. 0 .64 1.06 5.9 11 . 1 25 .4 29 . 4 29 .1 19.3 
±1 .25 ±1 . 48 ±7 .7 11. 3 ±13 .7 ±13 . 9 ±1 7. 4 ±14.9 
8 days . .... 1.8 3 .6 18 .1 15 .9 38 .7 47 .9 39 6 19 .3 
± 4 .8 ±6 .4 ±20 .8 ± 14. 7 ±25 .3 ±7.5 ±21 .9 ±26.0 
10 days ... 4 .6 8 . 3 19.0 14 .0 22.3 36 .6 35.6 8 .8 
± 12 .9 ± 16.0 ±17 .7 ± 16 .6 ± 20 .0 ± 15. 3 ± 18 .9 ± 12 . 2 
12 days .. . 2.4 3 . 3 10.9 3 . 2 11 .2 9.5 32 .9 7 . 5 
±7 .8 ±6.9 ±18 .6 ±6 . 0 ±18.8 ± 14 . 1 ±18 .5 ±13.2 
15 days .. . . . . . . . . . . . .. . .. . . 10 .0 2 . 6 10 .8 9 .5 11 . 1 2 .1 
± 18 .3 ±6.4 ±21.2 ±19 .1 ±11 .0 ±4.7 
(13) (13) (12) (13) (20) (20) (7) (7) 
--
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when enough HKE has been added to produce maximum hemagglutina-
tion, additional amounts do not change the picture; but graded lesser 
amounts, as shown in Table 1, produce corresponding lesser degrees of 
hemagglutination. 
What is the explanation of the unmasking of the full potency of 
chicken plasma by HKE? It has previously been stated that either suffi-
cient freezing and thawing or heating at 56°C. for 30 min. (1) usually 
increased the hemagglutinating potency of chicken plasma, providing the 
plasma already is capable of agglutinating duck cells to a certain degree. 
It was also noted (1) that, while duck plasma tended to inhibit hemag-
glutination in the case of most chicken plasmas, a certain few of the latter 
were actually potentiated by duck plasma. The explanation offered for 
the observed effects was as follows: (1) Certain chicken plasmas natu-
rally contain a hemagglutinin-inhibitor, possibly in loose union with the 
hemagglutinin; (2) this inhibitor is destroyed by freezing or by heating 
at 56°C. for 30 min.; (3) under certain conditions the inhibitor unites 
with a component of duck plasma, releasing the antibody for agglutinating 
the duck red cells. A similar explanation would hold also for the po-
tentiating effect of HKE, when substituted for the duck plasma. 
That the active components in HKE and duck plasma are not identical 
is evident from the data in Table 4, where it is shown that, in the case 
of every one of six chicken plasmas, HKE potentiated hemagglutination 
while duck plasma inhibited it. It had been learned previously that only 
occasionally in chicken plasma does duck plasma play a role like that 
of HKE (1). Table 4 also shows that when agglutinating chicken plasmas 
are treated simultaneously with both HKE and duck plasma, the latter 
gives the illusion of playing the dominant role. The obvious explanation 
is that HKE inhibits the native labile hemagglutinin-inhibitor in chicken 
plasma, but the duck plasma at the same time inhibits the released innate 
hemagglutinin, usually more efficiently than the labile hemagglutinin-
inhibitor itself. It has been shown that the active component of the duck 
plasma is the seromucoid (1). There appears (Table 4) to have been little 
or no reaction between HKE and the active component of the duck plasma. 
It was anticipated that when HKE was injected into chicks its po-
tentiating effect would be reflected in increased resistance to introduced 
parasitized duck cells. It is evident after a study of Table 5 that no 
consistent results of that sort were obtained. The reason for the negative 
outcome is not clear, but one possibility is that the organ tissues had 
a stronger affinity for HKE than plasma, so that it was removed from 
the blood before its effects could be noted. Series 1 and series 2, ad-
mittedly, did show a trend in the direction of the anticipated results, but 
in neither series were the differences between tests and controls statis-
tically significant. Series 3 and series 4 did not indicate a positive trend. 
CONCLUSIONS 
1. An extract of horse kidney (HKE) prepared by the method for 
obtaining the source material of the Forssman hapten exhibited a po-
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tentiating (conglutinin) effect on agglutination of duck erythrocytes by 
chicken plasmas. 
2. The effect can be explained by the combination of horse kidney 
extract with the native labile component of chicken plasma, destructible 
with heating or freezing, that inhibits its own innate hemagglutinin. 
3. Decreasing degree of hemagglutination following increasing con-
centrations of certain chicken plasmas was occasionally observed. 
4. In such plasmas the antihemagglutinating effects increase more 
rapidly than the concentration of the inhibiting component, because after 
neutralization of the latter with HKE the hemagglutinin titers of the 
chicken plasma rise progressively with increasing concentration of the 
plasma. 
5. Since HKE and duck plasma usually play opposite roles in in-
fluencing hemagglutination, the active component in duck plasma cannot 
be the Forssman hapten. 
6. The potentiating effect of HKE in vitro cannot be translated into 
increased resistance to duck erythrocytes parasitized with Plasmodium 
lophurae when both HKE and parasitized cells are introduced into the 
blood stream of the living chick. 
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